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CHAPTER 1 
INTRODUCTION 
Genera/aspects of the cytoskeleton 
The cytoplasm of eukaryotic cells contains a three-dimensional network of 
filaments, the cytoskeleton. The cytoskeleton connects cytoplasmic components of 
the cell with each other and with the plasma membrane. Cytoskeletal filaments are 
characterized into three types: microtubules, microfilaments and intermediate 
filaments They were ongmately discriminated on the base of their diameter, which 
varies respectively between 20-25 nm, 5-7 nm and 7-10 nm Cytoskeletal 
filaments are now recognized to be richly differentiated structures, they consist of 
polymers of various 'backbone' proteins, and each type of filament has a 
characteristic configuration. Several hydrolyzable nucleotides, ionic components 
and proteins have been found to occur in close association with microtubules and 
actm filaments. These associated components play a role in the assembly and 
disassembly of cytoskeletal filaments (Dustm, 1984, Bershadsky and Vasiliev, 
1988) Some proteins interconnect filaments and others operate as linkers between 
filaments and organelles or the plasma membrane (Pollard and Cooper, 1986; 
Bershadsky and Vasiliev, 1988) The interactions between these cytoplasmic 
elements is the base for cellular movements. A more elaborate description of each 
group of cytoskeletal elements and comments on the significance of the 
cytoskeleton are presented below. 
Two concepts have been proposed to explain the process of assembly and 
disassembly of cytoskeletal filaments: 'treadmillmg' and 'dynamic instability'. 
According to the first hypothesis, a netto assembly of mono- or dimers takes place 
at the (+) end of the filament, and a netto dissambly occurs at the other (-) 
extremity (Margolis and Wilson, 1978, Kirschner, 1980). Dynamic instability is 
characterized by a slow, but frequent growth and a fast and infrequent shortening 
of the filament (Mitchison and Kirschner, 1984 a and b, Kirschner and Schulze, 
1986) Disassembly events may be complete (catastrophic, Kristofferson et a l , 
1986) or incomplete (tempered; Mono and Hotam, 1986) Recently, microtubule 
dynamics was investigated under in vivo conditions, in living fibroblasts lamella. A 
tempered mode of instability was showed, and also rounds of assembly and 
disassembly were visualized from the same end of individual microtubules 
(Sammak and Bonsy, 1988). 
Despite the general interest shown for the cytoskeleton since the sixties 
(Dustm, 1984), the knowledge about the plant cytoskeleton is still fragmentary It 
lasted until the eighties, before microtubules and actm filaments would be 
commonly observed in various types of plant cells (Gunning and Hardham, 1982, 
Lloyd, 1984; Staiger and Schliwa, 1987) Even nowadays, except for few reports 
(table 1), the occurance of intermediate filaments in plants remains uncertain More 
than thirty five proteins have been identified in association with actm (Pollard and 
Cooper, 1986; Bershadsky and Vasiliev, 1988), but only three have been firmly 
shown to be present in Chlorophyceae and higher plants (table 1 ) Several classes 
and subspecies of proteins associated with microtubules have been defined 
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(Olmsted, 1986; Bershadsky and Vasiliev, 1988; paragraph on microtubules), but 
only dynein, kinesin and troponin Τ have received some attention in plant cells 
(table 1). Because of their cell wall and sensitive osmotic balances, plant cells 
react in general more sensitively to microscopical manipulation than animal cells.' 
However, it is to be expected that technical barriers will soon be surmounted, and 
that the knowledge about the plant cytoskeleton will dramatically increase in the 
near future. 
Table 1 Reports on the presence of intermediate filaments (IF), proteins associated with actin (A) and 
proteins associated with microtubules (MT) m C/ilorophyceae-amü higher plants 
Structure/Protein 
putative IF 
Ankynn 
Myosin 
Spectrin 
Dynein 
Kinesin 
Troponin Τ 
Group 
IF 
A 
A 
A 
MT 
MT 
MT 
References 
Powell et al, 1982, Dawson et al. 1985 
Martin, 1986, Parke et a, 1987 
Wang and Yan, 1988 and pers comm 
Kato and Tonomura, 1977, Vahey et al, 
et al, 1986, Qrolig et al 1988 
Wang and Yan, 1988 and pers comm 
Johnson et al, 1986 
Moscatelli et al. 1988. Cresti and Tiezzi 
Lim et al, 1986 
Hawes, 1985, Hawes and 
1982, Parke et al 1986, Yan 
pers comm 
Mìcrotubu/es 
The backbone of microtubules consists of α and ß tubulins. Dimers of and ß 
units are assembled into protofilaments. A number of protofilaments together 
(usually 13) form one microtubule. A variety of proteins has been defined which 
may bind to or interact with microtubules, the Microtubule Associated Proteins 
(MAP's). These proteins have been classified into MAP'S 1-4 (divided in a number 
of subclasses), 'stable tubule only peptides' (STOP'S), représentants of the 
Tau-factor (about 20 components), specific sea urchin MAP'S, chartins, dynein and 
kinesin (Olmsted, 1986; Bershadsky and Vasiliev, 1988). The presence of 
guanosine nucleotides and Mg2+ ions is required for the assembly of tubulin 
molecules into microtubules (Dustin, 1984). 
Microtubules are largely distributed in all types of plant cells (Gunning and 
Hardham, 1982; Lloyd, 1984). Although microtubules are not contractile, they have 
been related to various types of movements (Dustin, 1984): saltatory motion of 
particles, beating movements, sliding movements in flagellae, chromosome 
movements and capping. Some movements may be produced by rapid assembly 
or disassembly of microtubules. Other movements may be generated by 
interactions between microtubules and associated proteins, like axonemal or 
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cytoplasmic dynein (Johnson et a l , 1986, Gibbons, 1987, Stebbings, 1988), kinesin 
(Mitchmson, 1986, Gibbons, 1987, Hollenbeck, 1988) or actm-myosm complexes 
(Dustm, 1984) The microtubules possibly create a support on which contractile 
proteins, or protein complexes, operate as moving 'arms' 
The interaction between dynein molecules and microtubules has been 
intensively described for the alga Ch/amydomonas (Johnson et a l , 1986) 
Co-localization of actin filaments and microtubules, indicating a functional 
relationship, has been demonstrated recently in plants (Menzel and Schliwa, 1986 
a and b, see also chapter 5) The presence of kinesin in pollen tubes of tobacco 
was demonstrated by immunofluorescence (Moscatelli et al, 1988, Oresti and 
Tiezzi pers comm ) Finally, troponin Τ has been detected in onion root cells, 
revealing a distribution very similar to that of microtubules (Lim et a l , 1986) 
Microfilaments - Actin filaments 
The mam component of microfilaments is actin The actm polymers are arranged in 
single stranded filaments which, however, give the impression of twin-strands, on 
account of their spatial configuration (Lackie, 1986) Adenosine triphosphate, Ca2 + 
ions and actm associated proteins are involved in the stabilization and the 
assembly of actm filaments (Alberts, 1983, Pollard and Cooper, 1986, Bershadsky 
and Vasihev, 1988) 
In angiosperm cells, microfilaments have been seen for the first time in pollen 
tubes (Franke et a l , 1972) In 1974, Condeelis identified actm chains in cytoplasm 
removed from Amaryllis pollen tubes, by heavy meromyosm decoration However, 
only recently it became obvious that actm is a regular component of plant cells 
(Parthasarathy et a l , 1985, Staiger and Schliwa, 1987) 
In plants, the existence of an actomyosm-driven system, like in muscle cells 
(Jackson, 1982), has still not been proven, but the base for such concept has been 
set myosin or myosm-like polypeptides have been found in Nite/la (Kato and 
Tonomura, 1977), Chara (Grolig et al, 1988) and m a number of higher plant cells, 
including pollen (Vahey et a l , 1982, Parke et al, 1986, Yan et a l , 1986) Also, 
organelles isolated from pollen tubes have been observed to migrate along 
Characeae actm bundles (Kohno and Shimmen, 1988a) Other proteins which have 
been found in association with actm in plant cells are ankyrm and spectrin Wang 
and Yan (1988, pers comm) demonstrated the presence of these proteins in the 
plasma membrane of Vicia faba leave cells, by comparison of the characteristics 
of their purified samples with those from human red cells and by controlling the 
specificity of their probes with antibodies 
Intermediate filaments 
Unlike microtubules and microfilaments, the intermediate filaments are a family of 
chemically heterogenous, yet evolutionary related, constituents (Nagle, 1988, 
Stemert and Roop, 1988) They are classified in acidic and neutral-basic keratins, 
vimentm, glial fibrillar proteins, desmin, neurofilaments and nuclear lamms 
Intermediate filaments appear also structurally rather polymorphic Although 
intermediate filaments are widespread throughout all phylogenetic levels of the 
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animal kingdom, their presence in plant cells is still disputed. In higher plant 
protoplasts, nucleus associated bundles of fibrils with a diameter of 7 nm have 
been found, which were not composed of actin, but of proteins with characteristics 
related to P-proteins of phloem sieve tube and accessory cells (Powell et al., 
1982). In onion root tip cells and carrot suspension cells cross reactions were 
obtained in immunoblots and immunofluorescence preparations with antibodies 
recognizing intermediate filaments (Dawson et al., 1985; Parke et al., 1987). This 
antibody could be recognizing the 7 nm in diameter detergent-insoluble filaments, 
visualized in thin sections and deep freeze etching preparations of equivalent root 
suspension cells (Hawes, 1985; Hawes and Martin, 1986). 
Techniques for the study of the spatial organization of the cytoske/eton 
The spatial organization of cytoskeletal elements has been studied using a number 
of techniques: 
- Electron microscopy 
Classical electron microscopical techniques enable visualization of intermediate 
filaments, microtubules and, to a less extent, microfilaments. However, the spatial 
information is limited, since only a small area can be studied. Moreover, chemical 
fixation appears to be harmful for the maintainance of fine structures like 
microfilaments (Mersey and McCully, 1978). The orientation of actin polymers can 
be determined by heavy meromyosin decoration (Condeelis, 1974). 
With rapid freeze immobilization and subsequent freeze substitution or deep 
freeze etching more detailed information remains available after preparation (for 
plants: Tiwari et al., 1984; Lancelle et al., 1986; Mawes and Martin, 1986). 
Cryotechniques will certainly find broad applications in the future. The dry and wet 
cleaving techniques (Mesland et al., 1981; Traas, 1984; Kengen, pers. comm.) are 
applied for detailed visualization of large areas of the cortical cytoplasm; these 
techniques are very useful in the study of the interaction between cytoskeletal 
elements and the cell surface, allowing a qualitative and a quantitative approach. 
A combination of the above techniques and immuno(gold)labeling can be used 
for precise determination and visualization of the distinct cytoskeletal elements (for 
cleaved mounts: Traas and Kengen, 1986). 
- Light microscopy 
At the light microscopical level fluorochrome labelled probes allow the study of 
the various cytoskeletal elements in entire cells, showing the general coherence 
between cytoskeleton and other cytoplasmic components. Last decade 
immunolabeling has become a current technique for the study of microtubules, 
also in plants (Wick et al., 1981). The introduction of fluorochrome conjugates of 
phalloidin, a phallotoxin binding specifically to F-actin (Wieland, 1977), allowed 
considerable progress in investigations on the three-dimensional organization of 
actin filaments. 
Advanced light microscopical techniques have been used to visualize fine 
structures in living cells, among which cytoskeletal filaments, and to analyze 
movements related to the cytoskeleton (Sanger et al., 1986; Weiss, 1986). The 
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quality of the image may be improved by digital computer enhancement and 
background substraction. 
The next techniques have proved to be valuable tools for the study of the 
cytoskeleton: confocal laser scanning microscopy (Quader et al., 1987), video 
differential interference contrast (Allen and Allen, 1983; Weiss, 1986; Lichtscheidl 
and Weiss, 1988), video ultraviolet microscopy (Lichtscheidl and Uri, 1987), video 
phasecontrast microscopy (Lichtscheidl and Uri, 1989), video dark field microscopy 
(Horio and Hotoni, 1986) and direct video fluorescence microscopy (Allen and 
Brown, 1988; see also chapter 7). These techniques, applied together with 
microinjection of various labels and chemicals, promise to become important for 
future investigations on the organization and dynamics of the cytoskeleton. Video 
microscopy of microinjected fluorochrome markers, combined with laser 
transection or photobleaching (Tao et al., 1988; Gorbsky et al., 1987; Sammak et 
al., 1987; Sammak and Borisy, 1988) has already been used to investigate the 
assembly and disassembly of microtubules in living cells.. 
The significance of the cytoske/eton 
The cytoskieleton has been associated with a large number of functions: the 
organization of the cytoplasm, the maintainance of the cell rigidity and the 
formation of the cell wall, cell division and cell growth, cytomorphogenesis and 
cytokinesis, including movements of the entire cell, cytoplasmic streaming, exo-
and endocytosis and organelle transport (extensively reviewed in: Dustin, 1984; 
Kiermayer, 1981; Lackie, 1986). Extracellular triggers, like hormones and lectins, 
cause intracellular physiological changes that may result in cytoskeleton-related 
responses. Examples of such processes are the involvement of microtubules in 
chemically or hormonally induced redifferentiation in plant cells (Lloyd et al., 1979; 
Wilms and Derksen, 1988; Akashi et al., 1988). 
The cytoskeleton is more than an interesting pluriform structure, it is an 
essential component for the functioning of the cell. Moreover, specific aspects and 
properties of cytoskeletal elements are used as valuable discriminative 
characteristics for pathological diagnosis (Osborn and Weber, 1983; Nagle, 1988). 
Thus, the cytoskeleton is a topic of primary interest in modern fundamental and 
applied research in biology and medicine. 
Poffen and the cytoskeleton 
Pollen is a particularly interesting object for structural and cytological studies: 
1-pollen tubes exhibit a vigorous cytoplasmic streaming (Heslop-Harrison, 
1987 and 1988). 2 - At the same time the cytoplasm shows a marked polarity and 
distinct zonations along the tube length (Miki-Hirosige and Nakamura, 1982; Steer 
and Steer, 1989). 3- Pollen tubes extend exclusively by tip growth (Sievers and 
Schnepf, 1981; Picton and Steer, 1982; Steer and Steer, 1989). 4 - The angiosperm 
male gametophyte undergoes two types of division during its development: 
meiosis during microsporogenesis and mitosis during formation of the generative 
cell and the sperm cells. 
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At the apex of the pollen tube, (2 and 3) new material for growth is provided by 
Golgi vesicles and p-particles which fuse with the plasma membrane (Miki-
Hirosige and Nakamura, 1982, Picton and Steer, 1982) Cytoskeletal elements are 
assumed to be involved in the maintainance of the cell polarity and in the transport 
of Golgi vesicles and p-particles to the tip A tip to base gradient of declining 
concentration of membrane bound calcium, soluble calcium and total calcium has 
been shown along the pollen tube, by means of various methods (а o Reiss and 
Herth, 1978, Reiss et a l , 1985, Reiss and Nobilmg, 1986, reviewed in Steer and 
Steer, 1989) Disruption of the calcium gradient in in vitro grown pollen tubes is 
accompanied by a loss of zonation in the cytoplasm and alteration of normal 
growth (Steer and Steer, 1989) There is accumulating evidence that a close 
functional relationship exists between the presence of Ca2+ ions, the organization 
of the cytoskeleton and pollen tube growth (1) Actm filaments most probably play 
a role in the generation of cytoplasmic streaming (Franke et a l , 1972, Kohno and 
Shimmen, 1988 a and b) (4) Division processes, also in developing pollen (Van 
Lammeren et a l , 1985, Sheldon and Hawes, 1988, Van Lammeren et a l , in press), 
are believed to depend largely on microtubules and/or actm filaments (Dustm, 
1984, Bershadsky and Vasiliev, 1988) 
Pollen is also a convenient object for structural studies (reviews on the 
cytoskeleton of pollen tubes Heslop-Harnson, 1988, Cresti and Tiezzi, 1989) 
Pollen tubes can be allowed to grow in the style under contraled conditions But 
also pollen of many species has the ability to germinate in liquid medium or on 
agar medium Culture in vitro enables similar approaches as single cell culture, it 
offers practical advantages above growth in the style a better accessibility to 
chemicals, markers and antibodies, and suitable conditions for direct microscopical 
observation 
Finally, pollen is an unique representant of haploid plant cells And, of course, 
because of its crucial role in reproduction (Stanley and Lmskens, 1974, 
Heslop-Harnson, 1987), pollen deserves special attention in biological and 
agricultural research 
Aims of the present thesis 
When this study started knowledge of the cytoskeleton of pollen grains, pollen 
tubes and other plant cells was mostly confined to observations of microtubules 
and fine filaments in ultrathm sections (for pollen tubes Sanger and Jackson, 1971, 
Franke et al 1972, Miki-Hirosige and Nakamura, 1982) The presence of actm in 
pollen had been demonstrated indirectly by heavy meromyosm decoration of 
extracted cytoplasm of Amaryt/is pollen tubes (Condeelis, 1974) 
The first aim of this thesis is to show in detail the spatial organization of the 
cytoskeleton m developing pollen, m mature pollen grains and in growing pollen 
tubes, and to investigate the coherence between the tubulin and actm cytoskeleton 
and other cytoplasmic components The second objective of this study is to 
interprete the structural results regarding their possible significance for cell 
functions Most experiments have been done on Lilium /ongif/orum and Nicotiana 
tabacum pollen The mam methods used are video microscopy and fluorescence 
microscopy of labelled cytoskeletal elements or lectins in entire cells 
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In chapter 2 the spatial organization of microtubules in pollen tubes grown in 
vitro or in the style is shown. Special attention is paid to the cytoskeleton of the 
generative cell. The possible implication of microtubules for the organization of the 
vegetative cytoplasm, the formation of the tube wall, and for the structure and 
behavior of the generative cell are discussed. 
Chapter 3 presents a detailed description of the spatial organization of actin 
filaments in entire pollen grains and pollen tubes, after conventional 
paraformaldehyde fixation and rhodamine-phalloidin staining of F-actin. Part of 
the observations focus on the extreme tip of the pollen tube, which should contain 
filaments , according to the tip growth hypothesis of Picton and Steer (1982). A 
comparison is made between the actin patterns in pollen tubes grown in vitro and 
pollen tubes grown in the style, after compatible or incompatible pollination 
(Stanley and Linskens, 1974; De Nettancourt, 1977). 
In chapter 4, rhodamine-phalloidin staining of F-actin after dimethylsulphoxide 
(DMSO) permeabilization, is described in meiocytes, mature pollen grains, pollen 
tubes, generative cells and sperm cells. The advantages and disadvantages of the 
DMSO method are evaluated. The possible involvement of actin filaments is 
discussed in relation with meiosis, the generation of cytoplasmic streaming and the 
positioning and migration of the generative cell and the sperm cells . 
Chapter 5 is a double labeling study of actin filaments and microtubules in the 
same pollen tubes, in order to investigate possible co-localization of both systems 
in the vegetative and in the generative cell. 
Chapter 6 reports a study on the effect of lectins on pollen germination, pollen 
tube growth and the organization of the actin skeleton. Also, the binding capacity 
of lectins to the surface of growing pollen tubes has been determined. 
Chapter 7 focusses on one of the most important functions related to the 
cytoskeleton: the generation of organelle movement. The structure and dynamics 
of organelles were investigated in living pollen tubes using powerful light 
microscopical techniques. 
The main results of this study are summarized in English in chapter 8, and in 
Dutch in chapter 9. 
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CHAPTER 2 
ORGANIZATION OF MICROTUBULES IN GENERATIVE CELLS 
AND POLLEN TUBES GROWN /N VITRO OR IN THE STYLE 
IN UUUMLONG/FLORUM^AND MCOTMNA TABACUM 
Introduction 
Developing pollen tubes show tip growth and contain a vegetative nucleus and, in 
lily and tobacco, a single generative cell moving to the tip (Sievers and Schnepf, 
1981). Since microtubules are supposed to play an important role in cell 
morphogenesis and organization of the cytoplasm (Sievers and Schnepf, 1981; 
Traas et al., 1984), the study of the microtubular organization may lead to a better 
understanding of the typical unipolar development of pollen tubes. 
Microtubules have been studied in both vegetative and generative cells in thin 
sections in the electron microscope. These studies have provided detailed but 
spatially restricted and quantitatively limited information on the microtubular 
skeleton of either the vegetative or the generative cell (Oresti et al., 1984; Franke et 
al., 1972; Herrero and Dickinson, 1981; Reiss and Herth, 1979; Sanger and 
Jackson, 1971). Recently, the possibilities to study the microtubular skeleton have 
been considerably extended by the introduction of the dry cleaving and 
immunofluorescence techniques (Traas, 1984; Wick et al., 1981). These techniques 
were used to investigate the three-dimensional distribution of microtubules in both 
vegetative and generative cells of a large number of growing pollen tubes during 
development in vitro or in the style. Dry cleaving was used to study details of 
cytoskeletal elements and other membrane adherent structures vicinal to the 
cytoskeleton. 
Materials and methods 
Po/ten tube growth in vitro 
Portions of 10 mg pollen of Nicotiana tabacum L. cv. Samsun and Lilium 
longiflorumlhunb. cv. White Europe were incubated in sucrose-borate medium 
(Brewbaker and Kwack,1963). Culture conditions were as described by Kroh and 
Knuiman (1982). Samples were taken after 30 min., 1, 2, 3 and 6 hours for tobacco 
and after 2 and 3 hours for lily. 
Pollen tube growth in the style 
Fresh Lilium pollen was spread over the stigmatic surface of freshly excised pistils. 
The pollinated pistils were incubated in a dark chamber (100% relative humidity; 
250C) for 24, 40 or 48 hours. After growth in the pistil pollen tubes were carefully 
collected from the sty lar canal (see also chapter 3). 
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Dry с/ а іпд 
Dry cleaving was carried out as described by Traas (1984) For cell wall digestion 
5% cellulysm (Calbiochem ) was used Observations were carried out using a 
Philips EM300 electron microscope 
Immunofluorescence 
Preparations were made essentially as described by Wick et al (1981 and 1984), 
with some modifications Immediately before fixation ethylene glycol-bis(ß-
aminoethyl-etherJ-N.N.N'.N'-tetraacetic acid (EGTA) and MgS04 were added to 
the germination medium at a final concentration of 5 0 and 2 5 mM respectively 
Then 10 ml of a freshly prepared fixative, containing 4 % paraformaldehyde, 9 % 
sucrose, 5 0 mM MgSO« and 20 mM phosphate buffer, were slowly added to the 
incubation medium Occasionally, 50 mM Pipes was used instead of the phosphate 
buffer The rather high concentration of EGTA and MGSO4 and their addition to the 
culture medium immediately before fixation greatly improved the preservation of 
the microtubules 
The pollen tubes were transferred to a centrifuge tube and allowed to settle 
Then the fixative was gradually replaced by the same solution without sucrose and 
the fixation was continued for about 4 hours After fixation pollen tubes were rinsed 
4 times in buffer without fixative In order to make the pollen tube wall permeable 
for the antibodies two methods were used 
1 - For studying the microtubules in the generative cells, pollen tubes were 
treated with 10% cellulysm in buffer for 10 minutes After 3 washes, the extraction 
of the cell wall was continued in buffer for at least 4 hours The first antibody was 
added either to pollen tubes in suspension or to pollen tubes which had been 
attached to a poly-L-lysme coated covershp The latter were either stained 
immediately or stained after air-drying 
2 - For the demonstration of microtubules in the vegetative cells, non-enzyme 
treated pollen tubes, attached to poly-L-lysme coated coverslips that were air 
dried, were perforated by scratching over the surface with a razor blade Pollen 
tubes grown in the style were particularly vulnerable to enzymatic treatment In 
scratching preparations the background fluorescence was greatly reduced and 
cells were better flattened Though pollen grains generally could not be stained 
with antibodies, it was possible to obtain preparations from generative cells of 
tobacco pollen grains by using germinated pollen with a tube length of about 
10 μπη For lily, where also a strong yellowish autofluorescence occurred, pollen 
grains were gently squashed after enzyme treatment 
The primary antibody was a monoclonal rat anti-tubulm (MAS 077, Sera lab Ltd, 
Crawley Down), the second antibody was a fluoresceme isothiocyanate (FITC)-
conjugated rabbit anti-rat- antibody (Nordic BV, Tilburg) Observations were made 
using a Leitz fluorescence microscope Micrographs were made with a Leitz Vano 
orthomat combination on Agfapan professional film 400 ASA 
The orientation of the microtubules was determined directly in the microscope 
using an ocular scale 
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Results 
Dry cleaving 
Pollen tubes cleaved easily, resulting in preparations showing cortical microtubules 
(figs 1 and 2), small membrane adherent filaments (fig. 1) and other structures 
such as endoplasmic reticulum, coated pits and coated vesicles (figs 3 and 4). 
Figs 1-4 Micrographs of dry cleave preparations of pollen tubes 
1 Part of the cortical zone of a pollen tube of lily grown In the style for 48 hours, showing microtubules 
(MT) small filaments between the microtubules (small arrows) and a long cisterna of endoplasmic 
reticulum (ER) Bar 0 1 prn 2 Cortical region of a pollen tube of lily grown in vitro, showing numerous 
parallel microtubules (MT) Bar 0 5 m 3 Detail of the cortical region of a pollen tube of tobacco grown 
in vitro showing a cluster of coated pits (circles), a part of a microtubule (MT) and endoplasmic 
reticulum (ER) Bar ООБит 4 A high magnification of the cortical cytoplasm of the pollen tube shown 
in 3 Notice the honeycomb structure of the coated pit Bar 0 01 μ m 
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Small filaments were seen to accompany the microtubules and to form zigzag 
connections between single microtubules (fig. 1). Elongated cisternae of 
endoplasmic reticulum were found close to microtubules (fig. 1). The organization 
of the cortical zone shows great similarity for pollen tubes grown in the style or in 
ί<7//σ (compare figs 1 and 2). 
/mmunof/uorescence of microtubu/es in the vegetative ceil after growth in vitro 
In the vegetative cells of tobacco and lily pollen tubes long parallel strands of 
cortical microtubules were observed (figs 8-10). Sometimes the strands were 
somewhat wave-like (fig. 10). The orientation of the microtubules was mainly axial 
(figs 8 and 10), but especially in tobacco, S-helical orientation also occurred (figs 
9 and 12). Different orientations may be observed even within one cell. No 
changes in orientation were observed during growth, but in tobacco after 6 hours 
germination, the vegetative cells often showed microtubule strands with irregular 
orientations. At the extreme tip of mature pollen tubes, where growth takes place, 
no fluorescence was observed, but in several preparations just behind the tip a 
0 10 2 0 3 0 4 0 ° 0 10 2 0 3 0 4 0 · 
-5 5 15 25 35 -5 5 15 25 35 
Angle cell axis /microtubules Imam) 
Fig 12 Distribution of the mam orientation of the microtubules in pollen tubes of tobacco and lily 
Orientations are mainly axial or slightly S-helical 
Figs 5-11 Micrographs of immunofluorescence labeling of pollen tubes with FiTC-anti-antitubulm 
S Strands of microtubules (MT) m the subapical zone of a pollen tube of lily grown m vitro 6 Group of 
criss-cross strands of microtubules (MT) m the subapical zone of a pollen tube of lily grown m vitro 7 
Tobacco pollen tube 30 minutes after the onset of germination, showing a bright fluorescence at the tip 
(arrowhead) 8 Microtubules (MT) m the cortical part of a tobacco pollen tube grown m vitro, arranged m 
dense, axial conformation 9 S-helical patterns of microtubules (MT) m tobacco 10 and 11 Fine 
strands of axial microtubules (MT) m the cortical part of two pollen tubes of lily, after growlh m vitro (10) 
and after growth in the style (11) Bars 5 μπι 
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fuzzy network of short strands of microtubules could be observed (figs 5 and 6). At 
the onset of germination in tobacco and lily a bright green aureole was commonly 
visible at the tip of the pollen tubes (fig. 7). In the tip region microtubule strands 
with a length of less than 3 μ m were incidently distinguished already 30 minutes 
after germination. Long strands of microtubules appeared regularly shortly after this 
stage. 
fmmunoffuorescence of microtubu/es in pollen tubes aftergrowth in the style 
The organization of microtubules after growth in the style, as shown in 
immunofluorescence preparations (fig. 11) was essentially similar to that found in 
pollen tubes grown in vitro. 
Immunofluorescence of microtubu/es in the generative cell after growth in vitro 
In generative cells of tobacco, microtubules were present as a basket throughout 
the cytoplasm of the cell (figs 16-18), enclosing the generative nucleus, which 
appeared as a dark spot (see also chapter 5). The strands of microtubules showed 
net axial orientations, but deviations from the cell axis or even crossing 
microtubules could be observed (fig. 16). The distal part of the microtubular 
skeleton was often bent backwards (fig. 18), and the proximal part was sometimes 
arranged in a spiral (fig. 17). During growth a bright spot or ring was often seen 
ahead of the generative cell (figs 18-20). In squashes from such preparations the 
ring appeared to be attached to the vegetative nucleus (fig. 20). 
In lily, the microtubules appeared to be arranged in broad sheets, associated 
with almost the entire surface of the generative cell (figs 13-14). No changes in 
microtubular organization were observed during the culture period. Unlike in 
tobacco, the distal part of the cell became often elongated (fig. 13). Like in 
tobacco (fig. 17) the elongated tail appeared to be twisted in lily too (fig. 13), with 
the difference that this twist was located at the front side of the generative cell in 
lily. A connection between the tail of the generative cell, stained for tubulin, and 
the vegetative nucleus was demonstrated in squashed pollen grains of lily (fig. 17). 
Figs 13-20 Micrographs of immunofluorescence labeling with FlTC-anli-antitubulm of Ihe nucleate zone 
of pollen tubes of lily and tobacco grown in vitro 
13 A generative cell (GC) of lily displaying high binding for antitubulin At the apical side a twisted tail 
(open arrow) reacting with antitubulin is shown Bar 10 μιτι 14 An elongated generative cell (GC) of lily 
stained with antitubulin Bar 15 urn 15 A squash preparation of a pollen gram of lily The dark spots 
correspond with the vegetative nucleus (VN) and the generalive nucleus (GN) The vegetative nucleus is 
connected to the generative cells (GC) by a tail reacting with antitubulin (open arrow) 16 A generative 
cell (GC) of a pollen tube of tobacco, showing a basket prepoundanly axialiy oriented microtubules (MT), 
some crossing microtubules (black arrows) can be observed The generative cell is associated with a 
long tail of microtubules (open arrow) 17 A generative cell (GC) m a pollen tube of tobacco, labelled 
with antitubulin Notice the twisted tail (open arrow) at the proximal side of the cell 18 A pollen tube of 
tobacco in which a spot (arrowhead) is brightly stained ahead of the generative cell (GC) The apical part 
of the generative cell is bent backwards (open arrow) 19 Tip of a pollen tube of tobacco m which a 
bright circular structure (arrowhead) is visualized by antitubulin 20 Squashes show that similar rings 
(arrowhead) are attached to the vegetative nucleus (N) Bars (16-20) 5 pm 
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Discussion 
Both dry cleaving and immunofluorescence appear to be highly suitable methods 
to study both the general and the detailed organization of microtubules in pollen 
tubes, yielding highly consistent results The data demonstrate unambiguously that 
microtubules are occunng in abundance in the entire cortical zone of pollen tubes 
and in the generative cells in Nicotiana tabacum and Li/ium longif/orum Thus, the 
presence of cortical microtubules, as reported m ultrastructural studies in ¿///υ/π 
(Franke et a l , 1972, Miki-Hirosige and Nakamura, 1982, Reiss and Herth, 1979), is 
widely confirmed and extended The organization of the various structures in the 
cortex (microtubules, endoplasmic reticulum, coated pits and coated vesicles), as 
visible in dry cleave preparations of pollen tubes, strongly resembled that from 
other growing plant cells, like root hairs (Traas et al, 1985) The co-distribution of 
microtubules, elongated endoplasmic reticulum cisternae and fine filaments 
suggest a common function of these elements (see also chapter 7) The dry 
cleaving method further shows great similarity between the organization of the 
cortex of pollen tubes grown /n vitro ox in the style 
The reason for the occurence of both axial and helical patterns in the 
organization of cortical microtubules is unclear, but it is a fact that both axial and 
helical patterns of cytoplasmic streaming are shown in tobacco pollen tubes In 
root hairs both S- and Z-helices occur (Lloyd, 1984) The distortion of the 
microtubule patterns in the vegetative cells of tobacco after 6 hours of culture may 
be related to irregular growth at this moment 
In past, the orientation of the microtubules has repeatedly been related to the 
direction of the newly deposited cellulose microfibrils in the cell wall, for example 
in root hairs (Lloyd, 1984) However, in growing pollen tubes of tobacco and lily 
microfibrils are deposited in random orientations (Kroh and Knuiman, pers 
comm ), whereas microtubules are found in mainly axial direction in the mam part 
of the tube A similar discrepancy has been reported earlier for young root hairs of 
Equ/setum hyema/e (Emons, 1982) Obviously, in pollen tubes of lily and tobacco, 
like in some root hairs, no univoca! relationship exists between the orientation of 
microfibrils and that of microtubules The typical organization of the microtubular 
skeleton is probably related to other functions, such as plasma distribution, 
movements and transport of organelles and particles in the cortical cytoplasm and 
maintamance of the cell polarity (see also Reiss and Herth, 1979, Traas et a l , 
1984) Microtubules always showed free endings near or in the tip of the pollen 
tube No microtubules were found looping through the tip, as shown for the 
helically organized microtubules in some root hairs (Lloyd, 1984) 
Hence, it is likely that in growing pollen tubes microtubules are expanding from 
the zone behind the apex on This idea has been confirmed by Heslop-Harnson 
and Heslop-Harnson in 1988 
The bright fluorescence in the apex of very young pollen tubes and the 
accidental occurence of short bundles here indicates the presence of tubulin, 
either as an unpolymenzed component (Gunning and Hardham, 1982), or as very 
short microtubules However, -part of- the binding may be aspecific The absence 
of microtubules in the extreme tip of long pollen tubes is in agreement with former 
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studies on thin sections (Franke et al., 1972; Reiss and Herth, 1979; Heslop-
Harrison and Heslop-Harrison, 1988). The main function of the microtubule strands 
in the generative cell may be to determine the shape of the generative cell (Sanger 
and Jackson, 1971; Oresti et al., 1984) and/or to protect it from the shearing forces 
of the streaming plasma in the vegetative cell. It is difficult to imagine how 
microtubules inside the main part and the tail of the generative cell are directly 
involved in the movement of the generative cell. However, microtubules may 
generate amoeboid movements of the generative cell. The twist in the tail of the 
generative and the sperm cells, which contains numerous long strands of 
microtubules, may be related to a rotatory, spiraling or undulating movement of 
these cells. 
The connection that has been revealed between the vegetative nucleus and the 
generative cell in squashes of lily pollen grains may allow a more fluent passage of 
these elements from the grain to the tube A similar association has been shown in 
detail between one of the sperm cells and the vegetative nucleus in P/umbago 
zey/anica(Rüssel and Cass, 1981). 
The bright spot or ring preceding the generative cell, which is apparently 
attached to the vegetative nucleus, may represent a microtubule organizing center 
(MTOC) in the pollen tube, like proposed earlier in other plant cells (Wick and 
Duniec, 1984). 
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CHAPTER 3 
ORGANIZATION OF ACTIN FILAMENTS IN POLLEN TUBES 
GROWN /N V/TRO OR IN THE STYLE IN VARIOUS 
ANGIOSPERMS; RHODAMINE-PHALLOIDIN STAINING AFTER 
CONVENTIONAL PARAFORMALDEHYDE FIXATION 
Introduction 
In order to assure successful reproduction, pohen tubes must have a well-
regulated growth system, controlling polarity and elongation rate, as well as an 
efficient system for transporting the generative cell and the sperm cells It is well 
established that the growth of pollen tubes results from apical incorporation of cell 
wall carbohydrates and membranous material, supplied by Golgi vesicles, thus 
allowing extension of the tip under turgor pressure (Picton and Steer, 1982, Sievers 
and Schnepf, 1981) Both the transport of Golgi vesicles towards the tip and the 
plasticity of the tip are presumed to be controlled by a calcium-sensitive 
filamentous system (Picton and Steer, 1982), most likely constituted by 
microfilaments Indeed, in pollen tubes, cytoplasmic streaming, vesicle transport 
and ultimately growth are inhibited by cytochalasms (Franke et a l , 1972, Picton 
and Steer, 1983) The stability of microfilaments and microtubules is calcium 
dependent (Jackson, 1982, Job et al , 1985, Strzelecka-Golaszewska et a l , 1978) 
and tip extension of pollen tubes appears to be influenced by the calcium 
concentration in the culture medium ( Brewbaker and Kwack, 1963, Morre and Van 
Der Woude, 1974, Picton and Steer, 1983) and by artificial alteration of the 
intracellular calcium concentration (Picton and Steer, 1985, Reiss and Herth, 1979, 
Reiss and Herth, 1985) 
The presence of an actm network at the tip of pollen tubes, involved in the 
growth process as presumed by Picton and Steer (1982), is still putative (see also 
Perdue and Parthasarathy, 1985) The cytoskeleton of pollen tubes has been 
studied in several species, but only after growth in vitro (Oresti et a l , 1984, 
Derksen et al , 1985, Franke et al , 1972, Parthasarathy et a l , 1985) However, 
differences may exist between the cytoskeleton in pollen tubes grown in vitro or in 
the style It is also questioned whether actm filaments are directly involved in 
inhibition of growth of pollen tubes after incompatible pollination (De Nettancourt, 
1977) To contribute to the elucidation of these questions a comparison was made 
of the detailed organization of the actm skeleton in a large number of pollen tubes 
grown in vitro or in the style and in pollen tubes developed after compatible or 
incompatible pollination 
Materials and methods 
All plant material was grown under greenhouse conditions (Van den Ende et al , 
1984, Yang et al , 1985) 
Pollen for m vitro culture was obtained from mature anthers of Li/ium 
long/florum Thunb cv White Europe, Nicotiana tabacum L cv Samsun, Petunia 
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hybrìda L. clone W166H and Tradescant/a virgimana L. Hydrated pollen was 
incubated in vitro in liquid sucrose-borate culture medium (Brewbaker and Kwack, 
1963) for 4 hours or, if indicated, for б hours, exactly as described in Derksen et al. 
(1985). Experiments were repeated at least four times. 
For experiments in which growth was conducted in the style, two groups of 
mature flowers were used: L /ongif/orum см. White Europe, a self-incompatible 
clone, and ¿. /ongif/orum cv. Mount Everest, a cultivar compatible with White 
Europe. Self- or cross-pollination was achieved by spreading fresh White Europe 
pollen over the stigmatic surface of freshly excised pistils of White Europe 
(incompatible mating) or Mount Everest (compatible mating) The pollinated pistils 
were incubated in a dark chamber (100% relative humidity, 250C) for 24, 40 or 48 
hours. After incubation the mass of pollen tubes was quickly removed from the 
stylar canal (Li and Linskens, 1983) without damage, and fixed immediately. In 
some preparations the pollen tubes were fixed within the pistils and extracted from 
the stylar canal after fixation. The moment of fixation had no effect on the results. 
Pollen tubes from about two hundred styles were studied. 
Actin filaments were stained with a rhodamine conjugate (Rh-Ph) of the F-actin 
binding phallotoxin phalloidin (Wieland, 1977), according to published methods 
(Perdue and Parthasarathy, 1985; Derksen et al., 1986) In some preparations 
Rh-Ph was added together with the fixative. 
Results and discussion 
Po//en tubes grown in vitro 
The pollen tubes of Mcotiana, Liiium, Petunia and Tradescantia grown in vitro 
showed a system of predominantly axially oriented strands of actin filaments that 
extended over the whole length of the tube (figs 1-8). Lily pollen grains contained 
distinct strands of actin filaments that were continuous with those of the tube 
(fig.9).The strands of actin filaments occurred at all levels in the vegetative cell. 
Different types of F-actin patterns were distinguished: very dense arrays of thin 
and diffuse strands (fig. 1) and thicker strands, clearly separated from each other 
(fig. 4), sometimes showing branching (figs 4 and 7). It is possible that aldehyde 
fixation has induced a clustering of filaments, resulting in the formation of thick 
Figs 1-9 Fluorescence micrographs showing rhodamme-phalloidm (Rh-Ph) staining ol F-actin in pollen 
tubes grown in vitro 
1 Tobacco pollen tube Dense and line strands of actm filaments (AF) are visible m the entire pollen 
tube, including the tip region (open arrow) 2 Uly pollen tube fixed in the presence of Rh-Ph The central 
part of the pollen tube contains a group of wave-like and churned actm filaments (AF) 3 Lily pollen tube 
fixed m the presence of Rh-Ph A dense system of short strands of F-actm (AF) is present in the cortical 
part ol the extreme tip ol the pollen tube (open arrow) 4 Lily pollen tube Distinct strands of axial actm 
filaments (AF) occasionally showing splittings (open arrow), are distinguished 5 Lily pollen tube 
Strands of actm filaments bend backwards (open arrow) at the tip 6 Petunia pollen tube Actm filaments 
(AF) are observed m the entire vegetative cytoplasm 7 and β Traüescantia pollen tubes Distinct strands 
of actm filaments (AF) are present m the mam part of the pollen tube (7) and also m the apical zone (8) 
9 Germinated pollen gram of lily Actm filaments (AF) form a continuous association between the pollen 
gram (closed arrows) and the pollen tube (open arrow) Bars 10 μιτι 
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Strands Contrary to Perdue and Parthasarathy (1985) the present work shows a 
finer organization of actin filaments and no correlation between the size of the 
pollen tube and the relative number of strands of actin filaments The presence of 
abundant amounts of actin in lily pollen tubes is now well established This finding 
has also been largely confirmed by immunoblottmg of protein extracts from lily 
pollen tubes, using two sets of monoclonal antibodies raised against mouse actin 
(Amersham) and actin antigens from Chara (a gift from Dr Williamson) The 
antiactm precipitates showed a single band around 45 KDa (corresponding to 
actin) in PAGE-electrophoresis (unshown results) 
Strands of actin filaments were clearly visible at the tip of the pollen tubes in the 
four species that were examined (figs 1, 3, 5, 6 and 8) Occasionally actin 
filaments followed the dome of the tip (fig 5) In the central part of the pollen tube 
of lily a wavy group of actin filaments is remarked (fig 2) The filaments form 
curl-like configuration in the subapical zone of the tube The organization of these 
actin filaments show, like in the remaining part of the pollen tube, a similitude with 
the patterns followed by the streaming organelles (illustrated in chapter 7) a 
supplemental evidence that actin mediates cytoplasmic streaming (see also Franke 
et a l , 1972, Jackson, 1982, Perdue and Parthasarathy, 1985, Parthasarathy et a l , 
1985, Kohno and Shimmen, 1988a and b) 
Other strands ended in the extreme tip of the pollen tube (figs 3 and 8) The 
preservation of apical strands was greatly enhanced by addition of Rh-Ph to the 
fixative The patterns were even more evident when calcium was omitted from the 
calcium medium In the latter preparations of lily, actin appeared as a dense 
formation of short and deeply stained rods at the extreme tip of the pollen tube, 
especially in the cortex of the extreme tip dome (fig 3) The orientation of these 
filaments was predominantly axial The demonstration of a dense system of strands 
of actin at the pollen tube tip fulfils one important condition, on which the current 
tip growth model for plant cells is based (Picton and Steer, 1982, Sievers and 
Schnepf, 1981) 
Ро/І п tubes grown in the sty/e 
Very distinct and brightly stained strands of actin filaments were present in the 
distal part of pollen tubes grown in the style in lily (figs 10-12) Actin filaments 
occurred in both wave-like and parallel patterns (fig 10), the mam direction always 
remaining axial Strands usually formed a long, continuous, three-dimensional 
network The strands protuded into the extreme tip of the pollen tube where they 
either abruptly ended (fig 10) or smoothly bent backwards (fig 11), in the same 
manner to that found in pollen tubes grown in vitro (figs 2 and 5) However, 
essential differences were observed in the organization of actin filaments in lily 
pollen tubes after growth in the style or in vitro, showing again clearly that results 
obtained in vitro cannot simply be extrapolated to in situ situations and vice versa 
First, strands of F-actm were much thicker and more brightly stained in pollen 
tubes grown in the style, which may be related to the difference in growth rate 
between the two types of pollen tubes, lily pollen grow about a factor 8 faster in 
the style than in sucrose medium Second, star shaped foci of deeply stained 
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Figs 10-12 Fluorescence micrographs showing Rhodamine-phalloidm (Rh-Ph) staining of F-actin in 
pollen tubes of lily grown m the style 
10 Strands of brightly stained actin filaments (AF) form a complex network They are also present in the 
apex of the pollen tube (open arrow) 11 Three star-shaped foci consisting of F-actm (AF) are clearly 
visible in the vegetative cytoplasm One of these foci has an elongated tail (open arrows) 12 Brightly 
stained strands of F-actin (AF) follow the dome of the pollen tube (open arrow) Bars: 5 μιχ\. 
F-actin (fig. 11) were regularly seen in pollen tubes grown in the style, mostly 
behind the apex, but never in those grown //? ¡//tro. Sometimes the tails of these 
foci appeared to be elongated (fig. 11). Anticipating about the nature of these 
foci, it is suggested that they are centres of associations of actin filaments, 
comparably to those shown by Lazarides (1976). However, we cannot exclude that 
these structures are stress fibers (Lazarides, 1976), induced by the tissue pressure 
of vicinal pollen tubes growing in the stylar canal. 
The results obtained after 24, 40 and 48 hours of growth in the style were all 
similar. Inhibition of growth after incompatible pollination in lily was not followed by 
any significant change in the organization of the actin filaments . Therefore, a direct 
involvement of the actin skeleton in the incompatibility reaction seems improbable. 
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CHAPTER 4 
ORGANIZATION OF ACTIN FILAMENTS IN MEIOCYTES, 
POLLEN GRAINS AND POLLEN TUBES OF UL/UM 
LONG/FLORUM AND MCOTMNA TABACUM, RH О DAM IN E-
PHALLOIDIN STAINING AFTER DIMETHYLSULPHOXIDE 
PERMEABILIZATION 
Introduction 
Most observations on the cytoskeleton of pollen have been carried out using 
conventional electron microscopy (Franke et al, 1972, Miki-Hirosige and 
Nakamura, 1982, Oresti et al, 1984, Derksen et al, 1985) With the introduction of 
fluorescent probes for tubulin and F-actm (Wieland, 1977, for reviews Gunning 
and Hardham, 1982, Lloyd, 1987, Staiger and Schhwa, 1987) cytoskeletal elements 
have been demonstrated in entire mature pollen grains, pollen tubes and 
generative and sperm cells (Derksen et al, 1985, Perdue and Parthasarathy, 1985, 
Heslop-Harnson et a l , 1986, Pierson et al, 1986, Tiezzi et a l , 1986) In all above 
microscopical preparations glutaraldehyde or paraformaldehyde (PFA) was used to 
stabilize the cell However, aldehyde fixation affects the structure of microtubules 
and actm filaments (Heuser and Kirschner, 1980, Maupm and Pollard, 1986, Traas 
et al, 1987, Lancelle et al, 1987) Preservation of cytoskeletal elements for 
electron microscopy was considerably improved by application of rapid freeze 
immobilization and freeze substitution (Tiwan et al, 1984, Lancelle et a l , 1987) 
Recently, the use of non-fixative methods in fluorescence microscopy greatly 
enhanced the visualization of cytoskeletal elements in plant cells (Traas et a l , 
1987) In the latter study suspension culture cells of carrot were extracted with 
dimethylsulphoxide (DMSO) and Nomdet Ρ 40 or permeabilized by electroshock, 
and subsequently infiltrated with a phallotoxm for F-actm staining 
In the present study we used DMSO, as a permeabilizmg agent, and 
rhodamine-phalloidm (Rh-Ph), as a stain for F-actm (Wieland, 1977), in order to 
investigate the spatial organization of the actm skeleton in meiocytes, mature 
hydrated pollen grams and developping pollen tubes of L///um /ong/florum and 
Nicotiana tabacum The results obtained with this method are compared with those 
obtained after conventional fixation with PFA 
Materials and methods 
Po/ten tubes growth in /iquid medium andF-actm staining 
Pollen of Li/ium /ongifforum Thunb cv White Europe and Nicotiana tabacum cv 
Samsun were cultured in vitro, in liquid medium for 1, 4 or 6 hours as described 
previously (Derksen et a l , 1985) After culture, pollen was either permeabilized with 
DMSO, according to Traas et al (1987), or fixed m PFA In the first option 
germinated pollen was directly mounted under a covershp m a medium containing 
5% DMSO, 17% sucrose for osmotic balance, lOOmM K-phosphate buffer (pH7 2) 
with 5mM ethylene glycol-bis(ß-aminoethyl-ether)N,N,N',N'-tetra-acetic acid 
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(EGTA) and 5 g/ml Rh-Ph for staining of F-actin (Wieland, 1977) Probes were 
directly observed under a Leitz fluorescence microscope In the second option 
pollen was mildly fixed for 10 minutes in a medium containing 2% of freshly 
dissolved PFA, 17% sucrose, 100 mM K-phosphate buffer, 5 mM EGTA and 
0 5 ug/ml Rh-Ph for stabilization of actm filaments (Wieland, 1977, Pierson et al., 
1986) After fixation PFA was progressively diluted with buffer Material was 
thoroughly washed with buffer, poststamed with 5 g/ml Rh-Ph in buffer, rinsed 
again and examined under the microscope 
Four independent series of preparations were made Occasionally 0 05 % 
Nomdet Ρ 40 was added to the medium containing DMSO The results were 
identical to those obtained without Nomdet In one group of preparations a solution 
of 2 % PFA, sucrose, buffer and EGTA (as described hereabove), was added to 
pollen that had been pretreated with DMSO and Rh-Ph The effect of postfixation 
with PFA was examined under the microscope 
In a preliminary test on the effect of calmodulin antagonists on the organization 
of actm filaments in pollen tubes, W-7 (Seikagaku Kogyo Co, Ltd, Tokyo) was 
added to the liquid medium in a final concentration of 100 uM The results are 
discussed together with those about pollen grown on agar medium 
РоІ/ п tuöegrowtft on agar medium 
After pre-hydration in a moist chamber for 1 hour, pollen of Nicotiana tabacum 
was transfered to Petri dishes and spread over the surface of polycabonate filters 
discs, resting on semi solid medium (3 % agar, 10% sucrose and 0 01% boric 
acid) The Petri dishes were incubated in a moist, dark chamber for 24 hours, at 
room temperature During incubation pollen tubes with a length of about 7 mm 
were formed They radiated around the filter discs The method of culture on agar 
medium offers several advantages above the usual liquid medium method a better 
accessibility of separated long pollen tubes and a frequent occurance of sperm 
cells and generative cells in division, uniformly distributed in the subapical zone of 
the pollen tube 
After culture, pollen tubes were permeabilized with DMSO as described 
hereabove, and double stained for F-actm with Rh-Ph and for nuclei with the 
DNA-specific fluorochrome 4 6-diamidino-2-phenylindole (DAPI, 5 и g/ml) 
Preparation ofmeiocytes 
Plants of Lilium longif/orum cv White Europe were grown under controlled 
conditions and conducted to flowering Meiocytes were collected from flower buds 
ranging between 17 and 25 mm in length (Schrauwen, 1989) Meiocytes were 
liberated by sectioning the dome of the immature anthers and gently rolling a 
Pasteur pipet over the surface of the anther The F-actm distribution was shown by 
application of the above DMSO procedure The stage of development of the cells 
was determined by DNA staining with DAPI 
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Contro/ experiments 
In previous studies the specificity of Rh-Ph labelling on plant cells has been 
confirmed by control experiments including preincubation with pure rhodamme and 
unlabelled phalloidm The specificity of fluorochrome labelled phalloidm for F-actm 
staining is now generally accepted 
Micrographs 
Micrographs were made on Agfapan Professional 400 ASA, Kodak 2475 and Kodak 
2415 films When developped for 15 minutes at 20 0C m D76 (Kodak), Kodak 2415 
films gave the best results, combining a reasonable sensitivy with fine grammess 
and high contrast 
Results and discussion 
Po/Zen tuùes grown in //quid medium 
In general, only few detailed structures are preserved after PFA fixation for Rh-Ph 
staining of F-actm in pollen grains and autofluorescence and background 
fluorescence hide the original F-actm patterns (chapter 3) Yet, when lily or 
tobacco pollen grains were directly stained with Rh-Ph added to the 
permeabilizmg medium containing DMSO, more detailed bundles could be 
observed throughout the gram Hydrated pollen grains of lily appeared to be 
populated by bundles of F-actm, organized either in densely distributed spicules 
(fig 1), comparably to those shown by Heslop-Harnson et al (1986), or m fine 
radiating webs (fig 2) In pollen tubes of the same species other coarser foci of 
F-actm have been observed earlier after growth in the style (Pierson et al , 1986) 
Foci of microfilaments have been shown electron microscopically in chick cardiac 
epithelial cells (Sanger et al, 1986) It is proposed that the centres of the F-actm 
webs found in the pollen gram of lily correspond to orgamzatmg centres of actm 
filaments 
In germinated pollen grains long continuous F-actm bundles, up to 55 μιτι in 
length, were found both m tobacco (fig 3) and lily (fig 4) In tobacco the bundles 
were mainly oriented perpendicularly to the cell wal' of the pollen gram (fig 3) In 
lily the bundles were nearly always straight, converging towards the aperture of the 
pollen gram (fig 3) These bundles of actm were continuous with those m the 
pollen tube Fine branching could be shown (fig 4) The diversity of F-actm 
patterns in pollen grains of lily concordes well with that recently described in Pyrus 
communis after hydration (Tiwan and Polito, 1988) 
In conclusion, the number of distinct actm bundles found in ungermmated and 
germinated lily and tobacco pollen grains after DMSO permeabilization was 
considerably higher than that obtained after conventional PFA fixation in the same 
species (Pierson et a l , 1986) 
Also m the pollen tube very obvious differences were noticed between PFA and 
DMSO treated materials of lily and tobacco After PFA fixation only a minority of 
the pollen tubes was clearly stained over the entire length of the vegetative cell 
Often bundles of actm filaments could only be found in the central part of the tube 
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Cortical bundles of F-actin and bundles at the extreme tip of the pollen tube were 
generally weakly stained, especially in tobacco. However, when germinated pollen 
of the same species was permeabilized with DMSO, brighter stained actin bundles 
could be visualized as a three-dimensional axial-network over the complete 
cytoplasmic content of the pollen tube (figs 5 and 6). Furthermore, results were 
more reproducible with this method than in the method in which PFA fixation is 
applied. Pollen stained with Rh-Ph in DMSO and postfixed for 1 hour with 2 % 
PFA showed no noticeable disaggregation or disturbance of the F-actin patterns 
(fig. 7). This result may be explained by the stabilizing effect of (Rh-)Ph on F-actin 
(Wieland, 1977). 
The DMSO method for permeabilization of pollen tubes is very easy and rapid, 
and also it enables a continuous observation during the staining process. Thus, a 
better comparison can be made between the organization of the living cell and the 
organization of the F-actin system. Six-hours-old pollen tubes were observed 
alternatively under bright field (fig. 8) or fluorescence (fig. 9) microscopy. A clear 
accordance was found between the orientation of the F-actin bundles and the 
main vector of streaming in this area. Unfortunately staining could never be seen in 
streaming cytoplasm, possibly due to degradation of Rh-Ph in the living cell. 
However, the method to permeabilize pollen tubes with a medium containing 
DMSO and EGTA may cause problems. Firstly, close observation of the cytoplasm 
with video-DIC and ultraviolet microscopes (Lichtscheidl-Schultz and Pierson, to 
be published) shows that membranous structures like endoplasmic reticulum 
vesiculate under the influence of DMSO. Thus, extraction with DMSO not only 
permeabilizes the plasma membrane, but it may also damage the general structure 
of the cytoplasm. Secondly, the material is not instantly stained at the time of 
application of the -high ionic strength- medium, which also contains EGTA, a 
chelating-agent for Ca2+. Thus, components of the medium might cause 
polymerization of G-actin or some rearrangements of the cytoskeletal elements. 
These possible effects will need further study. However, the permeabilization 
method with DMSO obviously does not cause important artefacts, since results 
obtained after DMSO treatment do not essentially differ from those obtained after 
rapid fixation in PFA. 
Figs 1-9 Fluorescence micrographs showing rhodamme-phalloidin (Rh-Ph) staining of F-actm m pollen 
and pollen tubes incubated m liquid medium and permeabilized with dimethylsulphoxide (DMSO) 
1 Hydrated pollen gram ol lily Numerous spicules of F-actin (AF) are shown m the entire cytoplasm of 
the vegetative cell prior to germination 2 Web-like organization of F-actm (AF) bundles m a hydraled 
pollen gram ol lily Notice the focus structures (arrows) 3 Germinated pollen gram of tobacco The 
bundles ol F-actm (AF) are mainly oriented perpendicularly to the cell wall of the gram 4 Germinated 
pollen gram ol lily in which detailed patterns ol F-actm (AF) are shown which converge m the direction 
ol the emergence (E) ol the pollen tube 5 Tobacco pollen tube m which numerous bundles ol F-actm 
(AF) are visualized 6 Network of axiaiiy oriented bundles ol F-actm (AF arrow) al the extreme tip of a 
pollen tube ol tobacco 7 Fine dist/ibuiion of F-actm (AF) m a pollen tube ol tobacco treated with 
DMSO and Rh-Ph as figs 1-6 and poststamed with 2% paraformaldehyde for 1 hour The organization 
of actm filaments appears lo be nol disturbed 8 and 9 The vacuioate part of a pollen lube of lily In the 
bright field view (8) organelles and particles were seen to move m a strand of cytoplasm m the direction 
of of the thick arrow Actm filaments are present m the same area (9) Their onention corresponds with 
that of the cytoplasmic streaming Bar (1-9) і о ц т 
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Ро/І п tubes grown on agar medium or in the presence of a ca/modulm antagonist 
The general organization of the F-actm skeleton in pollen tubes grown on agar 
medium was essentially similar to that of pollen tubes grown in liquid medium 
However, F-actm patterns were more pronounced in the first group, which was 
especially evident in the zone adjacent to the generative cell A prominent system 
of thick bundles of actin filaments was observed enclosing the generative cell or 
the sperm cells, and the vegetative nucleus (figs 10 and 11) The bundles were 
structured in a pattern resembling a fork, with the open side directed towards the 
apex and the other side often showing a torsion (fig 10), suggesting a wrechmg 
movement 
Also in pollen tubes grown in the presence of W-7, thick bundles of F-actm 
were obsen/ed around the generative cell (fig 12) A fine network of actin 
filaments is present at the surface of the generative cell These F-actm patterns 
are much more pronounced than those of control cells These results fit well in the 
concept that calmodulin regulated calcium levels control the condition of the 
cytoskeleton This idea deserves interest in the near future 
The above observations are the first evidence for a direct involvement of the 
actin skeleton in the positioning and in the propulsion of the generative cell, the 
sperm cells and the vegetative nucleus 
Meiocytes 
F-actm has been observed throughout the cytoplasm in pollen mother cells of lily 
In figure 13, it is shown how long, converging bundles of actin encage the nucleus 
Also actin filaments radiating from distinct centres located near the nucleus have 
been demonstrated in pollen mother cells (fig 14) The occurence of bundles of 
actin filaments persisted during meiosis I and II (figs 15-17) Parallel arrays of actin 
filaments and a brightly stained band of actin were commonly visualized in the 
centre of the meiocyte during meiosis I (fig 15) Fine strands of actin filaments 
were present in large numbers around the four nuclei in the tétrade stage (fig 17) 
In short, a differentiated system of actin filaments is present in the male meiocytes 
of Li/ium /ongiflorum, confirming results found in Li/ium hybnda (Sheldon and 
Hawes, 1988) and Gastona verrucosa (Van Lammeren et al , in press) 
Moreover, the Rh-Ph staimngs in Li/ium show that very large amounts of actin 
are present during various stages of microsporogenesis, including the pollen 
mother cell stage With this method only F-actm can be detected It is certain that 
the total amount of actin in these cells is even more important Thus, considerable 
amounts of actin must have been synthetized already prior to the pollen mother 
cell stage in Lilium In Tradescant/a actin m-RNA is first seen during microspore 
interphase prior to microspore mitosis and it accumulates thereafter (Stmson et al , 
1987) To track the origin of the appearance of actin in the male gametophyte, it 
would be most interesting to combine in situ hybridization with a probe against 
actin mRNA and Rh-Ph and antiactm staining in early stages of developing pollen 
in the same species 
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Figs 10-12 Fluorescence micrographs showing the nucleate part of pollen tubes grown m v/tro The 
pollen tubes have been permeabilized with dimethylsulphoxide (DMSO) and stained with rhodamme-
phalloidm (Rh-Ph) to visualize the organization of actin filaments 
10 and 11 Pollen tubes of tobacco grown for 24 hours on agar medium Remarkably thick strands of 
actin filaments (AF; 10) in the vegetative cell surround the nuclei from the vegetative cell and the 
generative cell (N. 11). which are brightly stained with -».e-diamidino^-phenyimdoie (DAPI) The strands 
of actin show an open configuration at the apical side of the pollen tube and a torsion at the other side 
(open arrow) 12 A pollen tube of tobacco grown in the presence of the calmodulin antagonist W-7 in 
liquid medium Thick bundles of F-actm (AF) surround the generative cell (GC) A fine meshwork of 
F-actm (small arrows) is associated with the surface of this cell Bar (10-12) 5 um 
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Figs 13-17 Meiocytes of lily double stained for F-actm and DIMA with respectively rhodamine-phalloidin 
(Rh-Ph) and 4,fe-diamidino-2-phenylindole (DAPI) 
13 Pollen mother cell in which long bundles of F-actin (AF) are visible around the nucleus (N) The actin 
filaments seem to originate from one centre (O pointer) 14 Another pollen mother cell showing details , 
of F-actm bundles (pointer) radiating around the nucleus (N) 15 and 16 Telophase of meiosis I m which 
patterns of F-actm (AF 15) are shown The nuclei (N 16) are brightly stained with DAPI 17 Tétrade 
stage showing fine bundles of F-actm (AF) throughout the cytoplasm N=nuclei Bar (13-17) 10 Um 
Genera/ conclusion about the methodology 
DMSO permeabilization appears to be a potent, reliable and rapid method in the 
study of the cytoskeleton of pollen, and plant cells in general. It is very useful in 
studies concerning cytoplasmic streaming because it allows observations of the 
same cell, while still living and after staining of the actin cytoskeleton. Remarkably 
fine patterns of actin filaments can be shown; this detailed information is useful for 
a better understanding of the internal organization of the cell and its functioning in 
the maintainance of cell polarity, tip growth, cell division and the propulsion of the 
vegetative nucleus and the generative and sperm cells. 
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CHAPTER 5 
DOUBLE-LABELING OF MICROTUBULES AND ACTIN 
FILAMENTS IN POLLEN TUBES OF Л//СОГ/А/ А TABACUM 
AND UUUMLONG/FLORUM 
Introduction 
Both electron microscopical and immunohistochemical studies have shown 
microtubules to be present in pollen tubes In the cortical cytoplasm of the 
vegetative cell they are present as net-axial or helical elements (Franke et a l , 
1972, Derksen et a l , 1985, Heslop-Hamson and Heslop-Hamson, 1988), in the 
subapical zone they appear in criss-cross patterns (Derksen et a l , 1985), and m 
the generative and sperm cells as a basket of thick bundles or layers (Oresti et a l , 
1984, Derksen et a l , 1985, Lancelle et a l , 1987, Raudaskoski et a l , 1987) Using 
fluorescent derivatives of phalloidin as a probe (Wieland, 1977) the distribution of 
actm filaments has been studied in pollen tubes of several species They can be 
observed as fine axial or helical filaments or as bundles In the extreme tip of the 
tubes, they are present as a complex network (Perdue and Parthasarathy, 1985, 
Pierson et al, 1986, Pierson, 1988) The microfilaments observed electron 
microscopically, are assumed to be identical to the F-actm filaments They are 
present in pollen tubes, either in bundles or as single elements (Franke et a l , 
1972) Single microfilaments often accompany cortical microtubules (Pierson et al, 
1986, Lancelle et a l , 1987) 
Unless laborious techniques are used, electron microscopical identification of 
F-actm remains uncertain, and only limited cell areas can be studied Therefore 
fluorescent probes were used for double staining of microtubules and actm 
filaments to allow observation at the light microscopical level The aim of the 
present study was to compare the spatial organization of microtubules and actm 
filaments in pollen tubes, as examples of highly differentiated plant cells 
Observations were focussed on the possible co-localization of actm filaments and 
microtubules in the vegetative cell and in the generative cell and the sperm cells 
Materials and Methods 
Pollen of N/cot/ana tabacum L cv Samsun and Li/ium long/florum Thunb cv White 
Europe was cultured /n vitro, fixed and stained for tubulin and F-actm, essentially 
as described m chapter 2 and 3 
Pollen was cultured for 4 hours and fixed in 2% paraformaldehyde in 100 mM 
K-phosphate buffer pH 7 0, 10 mM ethyleneglycol-bis-(ß-amino-
ethyletheON.N.N'.N'-tetra-acetic acid (EGTA) and 5 mM MgS04 with 10 % 
sucrose Cell walls were mechanically opened by scratching Microtubules were 
stained with fluoresceme iso-thiocyanate (FITO) labeled antibody against anti-
tubulm, as described in chapter 2 Rhodamine-phalloidin (Rh-Ph) was used as a 
probe for F-actm (Wieland, 1977) This probe (5 μ g/ml) was added to the fixative 
and kept in the media throughout the preparation Control preparations were made 
by addition of either unlabelled phalloidin or rhodamme The organization of the 
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cytoskeleton was observed in a large number of cells prepared in four independent 
serials 
Results and discussion 
Methodology 
In double stained preparations, both microtubules and actm filaments were weakly 
stained as compared to preparations stained for only one type of cytoskeletal 
element This might be due to either quenching in the preparations or to 
sub-optimal conditions of the fixative used for double-staining The pH of the 
fixative appeared to be a particularly sensitive factor higher pH values led to 
disappearance of actm filaments, lower values to disappearance of microtubules 
Examination of artefacts (fig 4), clearly demonstrates that exitation and emission 
light of FITC labelled microtubules and rhodamme labelled actm filaments can be 
sufficiently separated to study both elements in the same cell (figs 3 and 4) 
The cortical cytoplasm 
In lily and tobacco pollen tubes both microtubules and actm filaments could be 
seen in the same cell after double-staining As shown in previous reports (Derksen 
et a l , 1985, Pierson et a l , 1986), both elements show complex net-axial and 
helical patterns in the pollen tube (figs land 2) From the double stained 
preparations it is clear that the cortical microtubules co-localize with actm 
filaments (shown for tobacco in figs 1-6) Co-localization does not necessarily 
occur over the entire lengths of the elements (compare 5-6) Not all cortical 
microtubules are accompanied by actm filaments and vice versa In the extreme tip 
and in the non-cortical cytoplasm no co-localization was observed 
The present observations provide evidence that the microfilaments which 
accompany microtubules, as observed electron microscopically in pollen tubes 
(Pierson et a l , 1986, Lancelle et al 1987), but also m other higher plant cells 
(Seagull and Heath, 1979, Hardham et al, 1980, Tiwari et a l , 1984, Traas et a l , 
1985), are identical to the actm filaments observed here 
The close association of microtubules and actm filaments in the cortical 
cytoplasm suggests a physical relationship, which has also been pointed out by 
Derksen and Traas (1984), who observed changes in organization of the 
microtubular skeleton of tobacco pollen tubes after cytochalasm В treatments 
Co-localization of microtubules and actm filaments also suggests a functional 
relationship In the marine siphonous alga B/yops/s, where both elements appear 
to be involved in movement of chloroplasts (Menzel and Schliwa, 1986b), 
co-localization also occurs (Menzel and Schliwa, 1986a) Though a role of 
microtubules in organelle movement and plasma streaming has not been 
corroborated in higher plants so far, it appears likely that both microtubules and 
actm filaments contribute to the organization of the cortical cytoplasm of higher 
plant cells 
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Figs 1-6 Pollen tubes of tobacco grown /n vitro and labelled both for tubulin with fluoresceme 
iso-thiocyanate (FITC) anti-antitubulm. and F-actm with rhodamme-phalloidm (Rh-Ph) 
1 and 2 Part of a four-hours-old pollen tube showing identical net-axial and helical patterns for 
microtubules (MT; 1) and actm filaments (AF 2) Bar (1 and 2) 10 ц т 3 and 4 Part of a pollen tube 
showing microtubules (MT. 3) parallel to the cell axis and co-localizmg strands of actm filaments (AF; 4) 
The fluorescent artefact (asterisk 4) visualized under the filter combination tor rhodamine (4) does not 
appear m the combination for FITC (3) 5-6 Part of a pollen tube stained for tubulin (5) and actin(6) 
showing actin filaments (AF arrow 5) without co-localizing microtubules Bar (3-6) 15 ц т 
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The zone around the generative eel/and the sperm ce//s 
Whereas generative and sperm cells always stained brightly when tested for tubulin 
(figs 7, 9 and 11), they appeared as conspiciously black spindles or spots in the 
Rh-Ph tests (figs 8, 10 and 12) of the same area. Also the vegetative nucleus 
remained unstained for both tubulin and actin. Although it is still possible that a few 
dispersed actin filaments occur inside the generative or sperm cells, as in 
P/umbago zeylanica (Rüssel and Cass, 1981), it seems unlikely that these actin 
filaments can contribute to the maintainance of the cell shape and to the 
propulsion of these cells. These functions may mainly depend on the microtubular 
system of the generative cell (chapter 2), which has the capacity to generate 
movenent (chapter 1), oron actin filaments of the vegetative cytoplasm (chapter 4). 
Figs 7-12 The region around the generative cell (GC) and the sperm cell (SC) In pollen tubes grown in 
vitro The same pollen tubes have been stained for both tubulin (7 9 and 11) and F-actm (8, 10 and 
12) with respectively lluoresceme iso-thiocyanate (FITO) anti-antitubulm and rhodamme-phalloidin 
(Rh-Ph) 7 and 8 show tobacco pollen tubes 9 and 10 lily and 11 and 12 Petunia 
In FITC anti-antitubulm views a bright fluorescence is associated with the generative cell and sperm cells 
indicating the presence of large amounts of tubulin and/or numerous microtubules (MT) Whereas in 
Rh-Ph views actm filaments (AF) are visible in the vegetative cytoplasm around the generative cell and 
the sperm cells these cells remain unstained by Rh-Ph they appear as dark spindles (IM = nucleus) 
Bars 20 μ m 
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CHAPTER 6 
THE EFFECT OF LECTINS ON POLLEN GERMINATION. 
POLLEN TUBE GROWTH AND ON THE ORGANIZATION OF 
THE ACTIN FILAMENTS 
Introduction 
Lectins occur in a wide variety of plant species Although their function is not fully 
understood, they are assumed to play a role in intercellular communication 
processes (Kauss, 1981), including the self-incompatibility response (Heslop-
Harnson and Heslop-Harnson, 1982, Anderson et al , 1983) Components with 
lectm-like properties have been isolated from pistils of several plant species 
(Golynskaia et a l , 1976, Pettit, 1977 Gleeson, 1980) Application of Con A 
(Concanavalm A) and PHA (Phytohaemagglutimn) to the stigmatic surface can 
overcome incompatibility in Petunia hybnda'and Eruca sativa (Sharma et a l , 1985) 
These two lectins were also reported to stimulate in vitro germination of pollen of 
Liiium longiflorum (Southworth, 1975) Moreover, Con A treatment affects 
phospholipid turnover and the biosynthesis of pectic polysaccharides (Helsper and 
Pierson, 1986) 
Pollen tube growth depends on supply of vesicles containing carbohydrate in 
the apex of the tube (Picton and Steer, 1982) Membranes flow from the 
endoplasmic reticulum via the dictyosomes and dictyosome-denved vesicles into 
the plasma membrane (for reviews see Mollenhauer and Morre, 1980, Picton and 
Steer, 1982, Steer, 1988) Thus the extending plasma membrane is provided with 
phospholipids, which are synthetised in the endoplasmic reticulum (Mudd, 1980) 
The biosynthesis of precursors for pectic polysaccharides occurs inside 
dictyosome-denved secretory versicles (Ray et a l , 1976, Van der Woude et al , 
1971) Pollen tube extension is assumed to be mediated by a filamentous network, 
presumably consisting of F-actm (Picton and Steer, 1982) Recently, a dense 
system of actm filaments has been visualized at the tip of pollen tubes (Pierson et 
al, 1986) Therefore Con A may influence pollen tube growth via an effect on 
phospholipid turnover, the biosynthesis of pectic polysaccharides and the the 
organization of actm filaments 
This chapter describes the binding capacity of several lectins to pollen tubes of 
Ltlium /ongif/orum grown in vitro or in the style, and their effect on pollen 
germination and pollen tube growth in vitro The effect of Con A on the 
organization of actm filaments has also been investigated Results are discussed in 
combination with other data on the effect of Con A on phospholipid turnover and 
pectic biosynthesis 
Materials and methods 
Plant materia/ 
Pistils used for pollen tube growth in the style, were excised from plants of Li/ium 
/ongiflorum Thunb cv Arai no 5 or cv Mount Everest, which were grown under 
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greenhouse conditions. Pollen was collected from dehisced anthers of U/ium 
/ongif/orum см•. Arai no.5 and stored below -20oC. 
Pol/en germination and tube growth 
For pollen tube growth in the style pistils of Lilium /ongif/orum cv. Arai no.5 or cv. 
Mount Everest were pollinated with pollen of Lilium /ongif/orum cv. Arai no.5, 
resulting in incompatible or compatible pollination respectively. After 48 hours of 
incubation in the dark at 250C pollen tubes were collected from the stylar canal 
according to Li and Linskens (1983). For growth in vitro pollen (5 mg pollen/ml) 
was incubated at 250C in liquid medium, containing 0.29 M pentaerythrytol as the 
osmotic component (Dickinson, 1968). In experiments on the effect of Con A on 
pollen germination and pollen tube growth, lectins (final concentration 
0-500 цд/ті) were given for the first 4 hours of incubation. In the other 
experiments pollen was incubated for 4 hours in pentaerythritol medium 
containing no lectin. In studies on the effect of Con A on the cytoskeleton, pollen 
tubes were incubated for one more hour in the presence or absence of Con A 
(200 цд/ті). 
Incubations were stopped by addition of formaldehyde to a final concentration 
of 3mg/ml, except in preparations used to determine the binding capacity of 
fluoresceine iso-thiocyanate conjugated (FITC)-lectins. In these experiments the 
germinated pollen remained unfixed. 
Labe/ing tvitb F/TC-/ectins 
Incubation of pollen tubes with FITC-lectins (0.25 mg/ml, 2 mM Tris.HCI, pH 7.0) 
were carried out at room temperature for 1 hour immediately after cultutre. 
Unbound FITC-lectins were removed by washing. Fluorescence of bound 
FITC-lectins was measured under a Leitz fluorescence microscope. 
In investigations on the carbohydrate specificity of lectin binding the foiling 
complementary sugars were added in 1000-fold molar excess for 1 hour prior to 
incubation with pollen tubes: D- -methylmannoside to FITC-Con A, D-
glucosamine to FITC-HpA Не/ix pomatia agglutinin), N-acetyl-D-galactosamine 
to FITC-PHA, L-fucose to FITC-UeA {Utex europeus agglutinin) and N-
acetyl-D-glucoseamine to WGA (Wheat germ agglutinin) (Brown and Hunt, 1978). 
Staining of actin filaments 
Actin filaments were visualized in pollen tubes after Con A treatment using Rh-Ph 
(Rhodamine-phalloidin; Wieland, 1977) as described earlier (Perdue and 
Parthasarathy, 1985; Pierson et al., 1986). 
Chemicals 
All chemicals were reagent grade. Lectins were purchased from Sigma (St Louis, 
USA) and FITC-lectins from LKB (Bromma, Sweden). Rh-Ph was a gift from Prof. 
Wieland (Max-Planck-lnstitute, Heidelberg). 
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Results 
Bind/ng capacity of F/TC-tectins 
From the five FITC-conjugated tested those of the lectins HpA and Con A showed 
considerable affinity to the surface of pollen tubes of Li/ium /ong/fforum (table 1) In 
particular the colpus of the pollen gram (fig 1) and the tip of the tube (fig 2, table 
1) displayed a bright fluorescence The FITC-conjugates of PHA, UeA and WGA 
were hardly bound Intact pollen tubes, recovered from pistils, showed fiuoresence 
of similar intensity as pollen tubes grown in vitro (table 1) No noticeable difference 
was observed between pollen tubes developed after compatible or incompatible 
pollination Treatment of FITC-lectms with an excess of their complementary 
sugar, before incubation with pollen tubes, resulted in only a slight decrease in 
their binding 
Table 1 Fluorescence of pollen tubes ofLilwm longiflorum grown 'in vitro' or 'in vivo', after incuba­
tion with fluoresceine isothiocyanate (FITC)-labeled lectins Pollen tubes, grown 'in vivo', were 
obtained after compatible or incompatible pollination -A- shows the fluorescence at the tip and 
-B- at the remaining part of the pollen tube In the "control" only buffer was present during the 
labeling penod 
FITC-labeled 
lectin 
Concanavalm A 
Helix pomatia agglutinin 
Phytohaemagglutinin 
Ulex europeus agglutinin 
Wheat germ agglutinin 
'In vitro' 
A 
+ + 
+ + + 
+o 
+ 
О 
в 
+ + 
+ + + 
о 
+ 
+ o 
'In vivo' 
Compati 
A 
+ + 
+ + + 
+ 
-Ι­
Ο 
ble 
В 
+ + 
+ + 
+ 
+ 
+ о 
Incompatible 
А В 
+ + + + 
+ -1- + + 
+ + 
+ + 
+ 0 + 
Control О О О О О О 
О = по fluorescence, + О = very weak fluorescence, + = weak fluorescence, + + = moderate 
fluorescence, + + + = bright fluorescence 
Effect of/ectms on pollen germination and pollen tuöe growth in vitro 
At low concentrations, up to 50 цд/ті, Con A stimulated pollen germination in 
vitro, while it had an inhibitory effect at concentrations of 100 цд/ті and higher 
(fig 7) Pollen tube growth was inhibited by Con A, also at low concentrations, in a 
dose-dependent manner (fig 7) HpA had no effect on pollen tube growth but it 
slightly stimulated pollen germination up to at least 500 [ig/ml At this 
concentration the stimulation was about 30 % The other lectins had no effect on 
pollen germination or pollen tube growth 
Effects of Con A on pollen germination and pollen tube growth were only 
slightly diminished by preincubation of ConA with a specific complementary sugar 
55 
о 
ь. 
0 120 
υ 
"5 
¿ЮО 
£ 
σι 
1 О 
« 
э 
с 60 
і 
¿ 40 
о 
'S 
| 20 
tl 
О 
0 100 200 300 400 500 
Concanavalm A concentration (jjg/ml) 
Fig 7 Effect of concanavalm A (Con A) conceniration on pollen germination(O) and pollen tube length 
(A) m lily Results are expressed in percentage of the control value (no Con A added) The average 
germination percentage in the control was 43% and the average lube length 1 33 mm Vertical bars 
indicate the standard error of means 
Effect of Concanava/in A on the organization of actin fi/aments 
In the absence of Con A distinct strands of actin filaments were observed over the 
entire length of the pollen tubes, including the tip region. These strands were 
oriented predominantly parallel to each other and to the axis of the pollen tubes 
(fig. 4), which is consistent with previous observations (Perdue and Parthasathy, 
1985; Pierson et al., 1986). The transfer of growing pollen tubes to medium 
containing Con A had no effect on the organization of the actm filaments in the 
part of the pollen tube proximal to the grain, but in the tip region only spots of 
fluorescence could be distinguished (fig. 6). There was an abrupt transition 
between the two zones (fig. 5). 
Figs 1-3 Micrographs of pollen tubes of lily grown in vitro (\ and 2) or in the style (3) and labelled with 
fluoresceme iso-thiocyanate (FITC) conjugated concanavalm A (Con A) 
Fig 1. The colpus region of a pollen gram is clearly stained (arrow) 2 A bright fluorescence (arrow) is 
visible at the tip of the pollen tube 3 Pollen tubes recovered at 48 hours after compatible pollination 
Arrows indicate sites with bright fluorescence, which correspond with the tip of pollen tubes Bars 
20 μπι 
Figs 4-6 Micrographs of pollen tubes of lily stained with rhodamme-phalloidm (Rh-Ph) to visualize actm 
filaments (AF) 4 Numerous strands of aclm filaments (AF. arrows) are shown in a pollen tube grown in 
pentaerythntol medium 5 The region proximal to the tip of a pollen tube treated as described in 6 is 
shown A distinct transition (open arrow) is visible between the zone with parallel strands of actm 
filaments (AF arrows) and that with spotted fluorescence (pointer) The pollen tube tip is directed to the 
right 6 Apical region of a pollen tube that has been incubated for 1 hour m medium containing 200 μ g 
Con A/ml after 4 hours of preincubation in the abscence of lectin In the tip spots of fluorescence are 
distinguished Bars 10 μ m 
о pollen germination 
A pollen tube length 
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Discussion 
The cell surface of germinating pollen of Li/ium /ongiflorum has binding capacity for 
Con A and HpA, but it shows hardly any affinity for PHA, UeA and WGA. Con A 
induces a physiological response on pollen germination and pollen tube growth. 
Since no fluorescence of FITC-Con A was observed in the cytoplasm, it is likely 
that the physiological response is mediated by interaction with binding sites at the 
cell surface. These are relatively abundant at the pollen tube tip, which is the site of 
cell extension and probably also of growth control (Picton and Steer, 1982; 
Heslop-Harrison and Heslop-Harrison, 1982). An excess of complementary sugars 
had hardly any effect on the binding capacity of FITC-lectins and on the 
physiological response to Con A. Therefore interaction with the cell surface may 
not only occur via the sugar binding site of the lectins. Such 'aspecific' interaction 
for lectins has been described before (Kauss, 1981). 
At low Con A concentrations pollen germination is stimulated, which is 
consistent with the effect reported by Southworth (1975). In contrast to 
Southworth's results an inhibition of pollen germination was observed beyond 
50 цд Con A/ml. This discrepancy may be due to the fact that Southworth used 
sucrose as an osmotic component in the culture medium, a sugar with a glucose 
moeity chelated by Con A, while in the experiments presented in this chapter 
pentaerythritol was used, a component not bound by Con A#so far known from its 
molecular configuration (Kaneko et al., 1972; Goldstein, 1976). Pentaerythritol is 
evidently a more suitable medium than sucrose for dosis-response experiments 
with Con A. 
Unlike in human platelets in which Con A was found to stimulate the 
polymerization of actin (Wheeler et al., 1985), the results obtained in pollen tubes 
of Li/ium indicate that the presence of Con A (200 μg/ml) disturbs the integrety of 
the actin skeleton. Disturbance of the structural organization of actin filaments after 
Con A treatment has probably a negative effect on the rate of extension of pollen 
tubes. Addition of Con A in a concentration of 200 цд/ті during 4 hours of 
incubation results in about a 50 % decrease in the growth of pollen tubes. Under 
similar conditions a 50 % inhibition is observed for the incorporation of 
/77KC»-[2-3H]inositol in pectic polysaccharides and [2-3H]glycerol in lipids. Also 
incorporation of [3H]inositol in pectic polysaccharides is similarly inhibited when 
Con A is added after 4 hours of incubation in the absence of lectin (Helsper and 
Pierson, 1986). 
The results presented in this chapter show that addition of Con A to the culture 
medium of lily pollen has a injuring or inhibitory effect on the development of 
pollen tubes grown in vitro, the rate of growth of the pollen tube, the organization 
of the actin skeleton, the phospholipid turnover and the pectin biosynthesis. Similar 
inhibitory processes may occur in the incompatibility response as result of 
pollen-pistil interactions. 
58 
Acknowlegements 
Drs. P.G.M. Willekens and Drs. M. Maessen contributed to the study described in 
this chapter during their 'doctoraal' program. They and Dr. J.P.F.G. Helsper are 
greatly acknowledged for their most valuable contribution and their support. Prof. 
Dr. Th. Wieland (Max Planck Institute, Heidelberg) is thanked for his generous gift 
of rhodamine-phalloidin. Dr. J.M. Van Tuyl (Institute for Horticultural Plant 
Breeding, Wageningen) is thanked for important expert advises on Lilium and Profs 
H F. Linskens, Ch. Delbart and D. Coustaut for suggestions. 
References 
ANDERSON M A , R D HOQQART AND A E CLARKE (1983) The possible role Of lectins in mediating 
plant cell-cell interactions in GOLDSTEIN IJ AND M E METZLER (eds) Chemical taxonomy. 
molecular biology, and function of plant lectins Progress m clinical and biological research Vol 138, 
143-161 AR Liss Ine New York 
BROWN J С AND R С HUNT (1978) Lectins Int Rev Cytol 52, 277-349 
DICKINSON D В (1968) Rapid starch synthesis associated with increased respiration m germinating lily 
pollen Plant Physiol 43, 1-8 
GLEESON Ρ A (1980) Characterization of carbohydrate polymers associated with pollination in Qladio/us 
and Secale PhD Thesis, Umv of Melbourne 
GOLDSTEIN IJ (1976) Carbohydrate binding specificity of Concanavalm A In BITTIGER Η AND Η Ρ 
SCHNEBLI (eds) Concanavalm A as a tool J Wiley and Sons, London. New yorh. Sydney, Toronto 
pp 55-65 
GOLYNSKAIA E L. Ν ν BASHKiROVA AND Ν N TOMCHUK (1976) Phytohaemaggiitinins of tne pistil m 
Primula л% possible proteins of generative incompatibility Fiziologia Rastemi 23 429-439 
HELSPER J P F G AND ES PERSON (1986) The effect of lectins on germinating pollen of Uium 
longiflorum II Effect of concanavalm A on phospholipid turnover and on biosynthesis of pectic 
polysaccharides Acta Bot Neerl 35, 257-263 
HESLOP-HARRISON J AND Y HESLOP-HARRISON (1982) The pollen stigma interaction in the grasses 
4 An interpretation of the self-incompatibility response Acta Bot Neerl 31,429-439 
KANEKO I, H SATO AND Τ UKITA (1972) Binding of radioactively labeled concanavalm A and R/c/nus 
communis agglutinin to rat liver ascites hepatoma nuclei Biochem Biophys Res Comm 48, 
1504-1510 
KAUSS Η (1981) Lectins and their physiological role m slime molds and m higher plants In TANNER W 
AND FA LOEWUS (eds) Plant carbohydrates Encyclopedia of plant Physiol, New Series Vol. 13, 
pp 627-677 Springer Verlag Berlin, Heidelberg, New York 
LI Y Q AND H F LINSKENS (1983) Neutral sugar composition of pollen tube walls of Uium longiflorum 
Acta Bot Neerl 32, 437-445 
MOLLENHAUER M M AND D J MORRÉ (1980) The Golgi apparatus In STUMPF Ρ К AND E E CONN 
(eds) The biochemistry of plants The plant cell Vol 1, pp 437-488 Academic Press Ine New York 
MUDD J В (1980) Phospholipid biosynthesis in S T U M P F Ρ К AND E E C O N N (eds) The biochemistry 
of plants Lipids structure and function Vol 1, pp 249-282 Academic Press ine New York 
PERDUE Τ AND MV PARTHASARATHY (1985) In situ localization of F-actm m pollen tubes Eur J Cell 
Biol 39, 13-20 
PETTIT J M (1977) Detection m primitive gymnosperms of proteins and glycoproteins of possible 
significance in reproduction Nature 266 530-532 
PICTON J M AND M W STEER (1982) A model for the mechanism of tip extension m pollen tubes J 
Theor Biol 98, 15-20 
PERSON E S J DERKSEN AND J A TRAAS (1986) Organization of microfilaments and microtubules m 
pollen tubes grown in vitroo\ in vivo\n various angiosperms Eur J Cell Biol 41, 14- 18 
RAY, Ρ M , R W EISINGER AND D Q ROBINSON (1976) Organelles involved m cell wall polysaccharide 
formation and transport m pea cells Ber Deutsch Bot Ges 89, 121-146 
59 
SHARMA N.. N BAJAJ AND К R. SHIVANNA (1985) Overcoming self-incompatibility through the use of 
lectins and sugars in Petunia and Eruca Ann Bot 55. 139-141 
STEER M W (1988)· Plasma membrane turnover in plant cells J Exp Bot 39. 987-996 
SOUTHWORTH D (1975). Lectins stimulate pollen germination Nature 258. 600-602 
VAN DER WOUDE WJ.. DJ MORRÉ AND CE BRACKER (1971) Isolation and characterization of 
secretory vesicles in germinated pollen of Lilium longiflorum J Cell Sci 8, 331-351 
WHEELER Μ E, J M GERRARD AND R С CARROL (1985) Reciprocal transmemdranous receptor-
cytoskeleton interactions in concanavalm A-stimulated platelets J Cell Biol 101 993-1000 
WIELAND TH. (1977) Modification of actins by phallotoxms Naturwissenschaften 64. 303-309 
60 
CHAPTER 7 
STRUCTURE AND MOVEMENT OF ORGANELLES IN LIVING 
POLLEN TUBES OF UUUMLONG/FLORUM 
Introduction 
A number of highly differentiated zones have been distinguished in the cytoplasm 
of pollen tubes (for U/ium Miki-Hirosige and Nakamura, 1982, Franke et al , 
1972) The apical zone is charactarized by the presence of numerous Golgi 
vesicles, p-particles and actin filaments The subapical zone is populated by 
mitochondria, dictyosomes and endoplasmic reticulum (ER) complexes The 
central zone contains dictyosomes, ER, mitochondria, amyloplasts, lipid bodies, 
starch grains, vesicles, p-particles, microfilaments and cortical microtubules The 
generative cell and the vegetative nucleus migrate from the gram to the tube, 
where they progress in the direction of the ovary During pollen tube development, 
the pollen gram and the proximal part of the pollen tube become vacuolate 
Pollen tubes show tip growth (Picton and Steer, 1982, Heslop-Harnson, 
1988 Oresti and Tiezzi, 1989, Steer, 1989, Steer and Steer, 1989) Vesicles, 
produced by dictyosomes, and p-particles, derived from lipid bodies and starch 
giams fuse with the plasma membrane at the extreme tip of the tube 
(Heslop-Harnson, 1979, Miki-Hirosige and Nakamura, 1982, Picton and Steer, 
1982 Steer and Steer, 1989) Golgi vesicles and p-particles thus provide 
membranous material, carbohydrates and proteins necessary for growth Also the 
ER indirectly contributes to the supply of membranous material for growth, since it 
is involved in the the formation of dictyosomes and p-particles (Van der Woude 
and Morre, 1968, Oresti et a l , 1979, Picton and Steer, 1981, Miki-Hirosige and 
Nakamura, 1982, Robinson and Kristen, 1982, Steer, 1988) 
The above detailed structural data have been recorded by techniques which 
nécessite immobilization, chemical treatment and usually sectioning of the 
material However, the cytoplasm of pollen tubes is not immobile, but it is 
characterized by a vigorous streaming For a dynamic and coherent representation 
of the in vivo organization of the cytoplasm modern, powerful light microscopical 
techniques are required, which allow detailed study of the living cell (Allen and 
Allen, 1983, Weiss, 1986) Video microscopy and confocal laser scanning 
microscopy have only recently been used for investigations on living plant cells, 
among which for analyses of cytoplasmic streaming and gamete movements in 
pollen tubes (Heslop-Harnson and Heslop-Harnson, 1987 and 1988), and 
descriptions of ER complexes in onion epidermal cells (Lichtscheidl and Uri, 1987, 
Quader et a l , 1987, Allen and Brown, 1988, Lichtscheidl and Weiss, 1988, 
Lichtscheidl and Uri, 1989) 
The present study describes the original structure and the behavior of distinct 
organelles, especially the ER, in living pollen tubes of Li/ium /ong/f/orum Allen 
video enhanced contrast differential interference contrast microscopy (AVEC-DIC), 
ultraviolet (UV) microscopy and video fluorescence microscopy after membrane 
staining with 3,3'-dihexyloxacarbocyanine iodide (DiOC) (Terasaki et a l , 1984, 
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Matzke and Matzke, 1986) were applied. Qualitative and quantitative data are 
interpreted in relation with other detailed morphological studies about the 
cytoplasm of pollen tubes (especially Miki-Hirosige and Nakamura, 1982). 
Materials and methods 
Pollen (portions of about 2 mg) of U/ium /ong/f/oru/nlhunb. cv. White Europe was 
cultured for 10 hours at 27 0C in rotating 1 ml Eppendorf cups containing 200 μΙ of 
10% sucrose and 0.01% borate liquid medium (Dickinson, 1968). Fresh probes of 
germinated pollen were taken at different intervals of culture and examined 
directely under the AVEC-DIC microscope, as described by Lichtscheidl and 
Weiss (1988), or under the UV microscope at 310 or 280 nm illumination, according 
to Lichtscheidl and Uri (1987). In order to visualize ER and mitochondrial 
membranes a 5 μΜοΙ/ml solution of DiOC (Kodak) was added to probes of living 
pollen tubes (Terasaki et al, 1984). The probes were immediately examined under a 
Polyvar DIC-fluorescence microscope (Reichert, Vienna). The microscopic image 
was visualized by a Chalnicon high resolution and a SIT low light video camera, 
and records were enhanced and improved by a DVS-3000 computer (all from 
Hamamatsu, Federal Republic of Germany). Visual results are presented as time 
lapse sequence-photographs. Comparisons were made between DIG or 
fluorescence microscopy images of the same area. 
Results and discussion 
Γ/7Θ apical zone 
In AVEC-DIC the presence of a crawling mass of grain-like bodies of small size 
(table 1) was observed in the most apical part of the pollen tube, which is also 
called the vesiculate zone (fig. 1). These bodies probably represent the Golgi 
vesicles known from electron microscopical studies (table 1 ; Van der Woude and 
Morré, 1968; Miki-Hirosige and Nakamura, 1982). The putative Golgi vesicles 
vibrated vigorously, displaying a chaotic trema of limited amplitude but of high 
frequency. They seemed to be in permanent collision with each other. Thus, the 
migration of vesicles to the extreme plasma membrane, which is probably 
generated by the numerous actin filaments present in this region (Miki-Hirosige 
and Nakamura, 1982; Picton and Steer, 1982; Pierson et al., 1986; Pierson, 1988 
and chapter 3 and 4), should be interpreted as a very dynamic process, and 
certainly not as a smooth 'flow'. 
Putative p-particles and/or lipid drops appeared as smooth spherical and 
contrasting bodies (table 1; fig. 1). Mitochondria (table 1; fig. 1) appeared as 
cylindrical organelles with round endings, brightly stained with DiOC (fig. 6). 
Occasionally p-particles and/or lipid drops and isolated mitochondria penetrated 
the extreme tip region (fig. 1). They might even contact the plasma membrane for 
a short moment. 
Focussing through the extreme tip region showed that the vesiculate zone is 
apparently more extended in the central lane of the tube than in the cortical part. 
The dimension of the apical zone of vesicles and small particles varied from cell to 
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cell, even within the same probe. The cell wall at the extreme tip was seen as one 
thin layer in normally growing pollen tubes, and as a cap with several distinct layers 
(results unshown) in pollen tubes with altered growth. The size of the wall 
thickening could be precisely evaluated. Thus, AVEC-DIC can be applied as a very 
easy, rapid and reliable technique for the determination of vesicle accumulation 
and wall thickening in pollen tubes. This approach allows statistical analysis of 
population data. It may be useful for future studies on growth regulation in pollen 
tubes, for example, to analyse the effects of calcium on pollen tube extension and 
cytoplasmic organization (Steer, 1989; Steer and Steer, 1989). 
Table 1 Dimensions of (putative) organelles in distinct parts of germinated pollen grains and pollen 
tubes The dimensions were measured either in micrographs showing sections from electron 
microscopical studies (EM) or in micrographs and video records made with Allen video enhanced 
contrast differential interference contrast microscopy (AVEC-DIC) 
Organelles 
Qolgi vesicles 
P-particles 
Mitochondria 
Tubular ER 
Fibrillar structures 
Bundles microfilaments 
Spherical bodies 
Starch gram 
Lipid drops 
Part 
apical 
(sub)apical 
(sub)apical 
central or 
vacuolate 
vacuolate 
central 
central-gram 
central-gram 
central-gram 
EM Ціт] 
diameter 0 2-0 3 1.2 
average diameter 1 3 2 
max length 1 6 2 
diameter 0 2-0 7 2 
average diameter 03 2 
max diameter 0 16 2 
max diameter 2 8 2 
max diameter 1 5 2 
AVEC-DIC [urn] 
< 0 2 4 
0 3-1 4 4 
0 8-3 2 4 
0 4-0 6 4 
0 3 4 
average diameter 0 2-0 25 3 
max diameter 30 4 
average diameter 0 4 4 
similar aspect as p-particles 
1 Van der Woude and Morre (1968) in Lilium longiflorum 
2
 Miki-Hirosige and Nakamura (1982) in Ышт longiflorum 
3
 Heslop-Hamson and Heslop-Harnson (1988) in Inspseudacorus 
4
 This study m и/шт longiflorum 
The subapicai'zone 
In contrast to the apical zone, the subapicai zone was populated by numerous 
mitochondria and putative lipid drops of various size (fig. 2). Cytoplasmic 
streaming appeared as a slow general flow, in which organelles moved as 
independent elements, each with an individual velocity. This behavior was most 
accentuated in the most distal part of the subapicai zone, where the direction of 
movement of organelles gets reversed. The present observations on Li/ium 
/ongiflorum are in agreement with descriptions on cytoplasmic streaming in Secate 
cerea/e (Heslop-Harnson and Heslop-Harrison, 1987). The patterns of streaming 
of the organelles in the distal part of the pollen tube concorde with the 
organization of actin filaments in this region (chapter 3, figs 2 and 3). 
Each mitochondrion appeared to have a well defined shape. However, 
mitochondria were slightly flexible, since they were able to turn or gently bend for 
a moment, particularly when passing other organelles obstructing their way. 
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Although dictyosomes and ER cisternae may be expected in the distal part of the 
subapical zone (Van der Woude and Morré, 1968; Miki-Hirosige and Nakamura, 
1982), they could not be detected presently, probably due to blurring of the image 
by surrounding material and/or the limits of resolution of the microscope. 
The central'zone 
The vegetative nucleus and the generative cell were visualized in the central part of 
the pollen tube as spindle-like shapes with longitudinal folds. Regular speckles 
occured at the putative side of the nuclei. Maintainance of the shape of the 
generative cell and the sperm cells has often been attributed to the basket of 
microtubules present in these cells (Derksen et al., 1985; Tiezzi et al., 1986; 
chapter 2). This explanation is unproper for the generative nucleus, which is 
apparently devoid of such a strong microtubular support (Derksen et al., 1985). 
However, prominent bundles of actin filaments have been observed as a fusiform 
complex around the generative cell and the vegetative nucleus in pollen tubes of 
Nicotiana tabacum grown on agar medium or in the presence of a calmodulin 
antagonist (chapter 4). These actin filaments may be involved in the maintainance 
of the shape of the generative cell and the vegetative nucleus. 
Besides, the central part of the tube was occupied by numerous mitochondria, 
vesicles and putative lipid drops, rough aggregates, likely to be amyloplasts 
containing starch grains, and long tubular structures (fig. 3). These organelles 
occurred as single elements or in groups, often aligned with a number of vesicles 
(fig. 3). The tubules were parallelly oriented to the long axis of the pollen tube. 
They were identified as ER tubules on account of their elongated shape (see 
Figs 1-5 Allen video enhanced contrast differential interference contrast microscopy (AVEC-DIC) 
micrographs of living pollen tubes of lily grown in vitro The descriptions below are based on direct 
observations of moving video images which show much more information than fixed images 
1 The apical zone of a four-hours old pollen tube. Known as the clear cap', is not devoid of organelles 
it is populated by a crawling mass of gram-like bodies, most probably Golgi vesicles (Gv) These 
organelles are continuously showing vigorous vibrations Occasionally p-particles and/or lipid drops (P/L) 
and single mitochondria (Mi) penetrate the extreme tip region 2 The subapical zone of a four-hours old 
pollen tube which is occupied by numerous organelles mitochondria (Mi), contrasting putative lipid 
drops (L) of various sizes small vesicles (V) and unidentified spherical bodies (Sph) Possible 
endoplasmic reticulum (ER) is indicated in the most proximal part of the subapical zone The direction 
of movement of these organelles is reversing in the area marked with a bent arrow 3 The central part of 
a pollen tube showing long tubular structures, very probably cisternae of endoplasmic reticulum (ER) 
The cisternae are oriented parallelly to the long axis of the pollen tube They are progressing through the 
cytosol These tubules are often associated with small vesicles (v black arrows) mitochondria (Mi) and 
spherical bodies (Sph) and putative amyloplasts 4 Optical section taken in the cortical zone of the 
cytoplasm of a germinated pollen gram Spherical bodies (Sph) and putative amyloplasts (Amy) are 
visible Some straight thin filamentous structures (small arrows sf) are detected along which organelles 
move These filaments may represent bundles of cytoskeletal elements 5 a-e A thin layer of cytoplasm 
in the vacuolate zone of seven-hours old pollen tube m which a network of gently undulating tubular 
structures, very probably tubules of endoplasmic reticulum (ER), is observed The five sequences (a-e) 
are taken at the same depth a few seconds apart as indicated by the time generator number Important 
changes m the configuration of the network may occur within 2 seconds (compare b с and d arrows) 
The movement of organelles along the ER tubules is illustrated in a and b (pointers) Bars Sum 
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below) and their size (table 1), their positive but moderate staining with DiOC 
(5 μΜ/ml), and the similitudes with tubular ER as shown in living onion epidermal 
cells (Lichtscheidl and Uri, 1987, Quader et al, 1987, Allen and Brown, 1988, 
Lichtscheidl and Weiss, 1988, Lichtscheidl and Uri, 1989) Tubular ER is a normal 
component of pollen tubes, it has been demonstrated before, for example in thin 
sections of pollen tubes of Lycopersicum р ги іапит grown in vitro and pollen 
tubes of Petunia hybnda grown in the style (Oresti et a l , 1977 and 1979) 
During observations with the UV microscope at 310 nm light filamentous arrays 
were detected that differed from the ER tubules, because of their smaller diameter 
and their straight profile These elements did not vacuolate after prolonged 
exposure to 280 nm light, in contrast to the putative ER tubules Organelles were 
seen to migrate along the straight filaments, which may represent bundles of 
cytoskeletal elements A similar suggestion has been made by Heslop-Harnson 
and Heslop-Harnson (1987) who showed fibrillar elements (table 1) of protemeous 
nature, along which organelles migrated, in pollen tubes of /r/s pseudacorus 
However, because of their size, general aspect and association with proteins, it is 
possible that the fibrillar elements visualized by Heslop-Harnson and Heslop-
Harnson (1987) represent ER tubules, similar to those shown in the present work, 
and not cytoskeletal elements Yet, a close association between ER and 
cytoskeletal elements remains very probable (see discussion in the next 
paragraph) 
During their migration, the organelles, including the ER tubules (fig. 3), were 
oriented in the cytosol in such a way that the resitance against motion was 
minimal Saltatory movements of organelles were more commonly recorded in the 
cytoplasm of the vacuolate zone The cytoplasmic streaming is the most fluent and 
vigorous in the non-vacuolate central part of the pollen tube Close observation of 
the behavior of organelles indicates a strong individuality of movement for each 
organelle There are individual differences in velocity and direction of movement In 
a region with few organelles, it was observe how a single mitochondrion first 
moved in one direction along a ER tubule and after 2 seconds moved backwards 
without turning around 
In fact, the idea of streaming cytoplasm seems to originate from the general 
impression, provided by the numerous organelles moving approximately in the 
same direction, but even the polarity of movement within one cytoplasmic lane 
may change It is dubious whether also the cytosol is streaming in pollen tubes, it 
is possible that only the organelles are moving, their velocity and direction of 
movement depending on the supply of energy and on the accessibility of 
contractile proteins (see also Kohno and Shimmen, 1988a and b) 
The vegetative nucleus and the generative cell remained rather static, though 
they undoubtly underwent considerable shearing forces, produced by the heavily 
streaming surrounding cytoplasm The actm skeleton of the vegetative cell 
(chapter 4) may play a role in the positioning and the propulsion of the generative 
cell and the vegetative nucleus 
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The highly vacuo/ate zone 
After 6 hours or more of growth in vitro, the proximal part of lily pollen tubes 
became occupied by large central vacuoles and a thin layer of cytoplasm in the 
cortex in which few organelles slowly streamed. In this zone large closed networks 
of tubules (table 1) were observed (fig. 5). They were brightly stained with DiOC 
(fig. 7 a and b), when added in higher concentration than for mitochondria. For the 
same reasons as those expounded for ER of the central part of the pollen tube, it 
is argued that these elements are tubular ER. It seems quite improbable that the 
networks would be branched mitochondria of extreme dimensions, as shown 
previously in other material with high voltage electron microscopy (Alberts et al., 
1983). Only exceptionally flat cisternae with a larger diameter than the tubules 
shown in fig. 5 were seen for short periods; they occurred especially at junctions 
between diverging ER tubules. Focussing through the cytoplasmic layer, it was 
determined that the ER was indeed constituted of tubules, and not of sheets, 
although the latter configuration has been observed earlier in pollen tubes by 
freeze-etching (Sassen, pers. comm.). The configuration of the ER networks 
considerably varied from cell to cell: rather regular networks, as well as networks 
oriented obliquely or longitudinally compared to the long axis of the pollen tube 
were obsen/ed. The amount of tubules also strongly varied. 
The motility of the ER tubules is illustrated in sequenced time flashes (fig. 5). 
ER tubules continuously displayed a gentle undulating movement. Sometimes 
movements resembling peristaltic contractions were seen, but this impression may 
be an artefact caused by organelles out of focus that were passing along the ER 
tubules. But also sudden swings, leading within one second to a complete 
deformation of the initial pattern were visible. Although it is impossible to determine 
from the video records what the causes are for such complete and rapid 
distortions, it is obvious that the membranes of these ER tubules are very plastid. 
Also, very rapid separations and fusions of tubules to one new tubule or to small 
flat cisternae were sometimes observed, indicating a high fluidity of the membrane. 
The tubules principally formed a close system, but once it was clearly observed 
how a single tubule loosened from the network at one end, swept around for a 
short moment and fused instantly after making contact with another tubule. In a 
phase-contrast microscopy study of onion epidermal cells Lichtscheidl and Uri 
(1989) showed details of ER tubules frequently actting in a similar manner. 
Small organelles, like mitochondria and vesicles, preferantially moved along the 
ER tubules when they were passing through the cytoplasm of the vacuolate area 
(fig. 5). A spatial association between ER cisternae and plastids or lipid drops has 
been reported before in an ultrastructural study of pollen tubes of Nicotiana aiata 
(Oresti et al., 1985). The present temporal study on Li/ium shows that the 
movement exhibited by organelles along the ER tubules is not smooth. Moments 
of constant velocity were interrupted by a sudden stand still, accelarations or 
moments of 'hesitation'. The saltatory behavior of the organelles along the tubules 
suggest a variabel availability of energy necessary for movement generation. 
Saltatory movements may also result from two opposite variabel forces: a 
propulsive force and a -retarding- force of adhesion. It is generally accepted that 
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Figs 6-7 Video fluorescence microscopy micrographs of living pollen tubes of lily stained with 
3 З'-dihexyloacarbocyanine iodide (DiOC) 
7 Mitochondria (Mi) brightly stained with DiOC penetrate the apical zone of the pollen tube, until the 
extreme tip region 7 a and b Two time-lapse micrographs showing the same part of the cytoplasm in 
the vacuiate zone of a pollen tube Single cylindrical mitochondria (Mi) are slowly moving along reticular, 
tubular endoplasmic reticulum (ER) Both elements are brightly stained with DiOC The arrow focusses 
on a part of the ER which is particularly rapidly moving Bars 5 urn 
the cytoskeleton is the main motor for various types of movements (Lackie, 1986), 
including those in pollen tubes (Kohno and Shimmen, 1988a and b). However, the 
surface of the ER tubules appeared as a smooth layer under the microscopes. It is 
probable that the ER tubules are accompanied by cytoskeletal elements which 
remained undetected because of their small size and weak contrast in AVEC-DIC. 
Light microscopical studies of onion epidermal cells Quader et al. (1987) and Allen 
et al. (1988), indicated a structural and/or functional relationship between ER and 
actin filaments. At the electron microscopical level co-localization of ER with 
microtubules and thin filaments has been observed in pollen tubes of tobacco after 
freeze immobilization and freeze substitution, and occasionally after dry cleaving 
(Lancelle et al., 1988; Derksen et al., 1985). The presence of an extensive 
cytoskeleton is well established in pollen tubes (for Li/ium : Franke et al., 1972; 
Miki-Hirosige and Nakamura, 1982; Derksen et al., 1985; Pierson et al., 1986; 
Pierson, 1988; Pierson et al., 1989). There are thus strong indications that a close 
relationship exists between the ER system, the cytoskeleton and the movement of 
organelles in pollen tubes. 
The po//en grain 
After for 4 hours of culture in vitro the pollen grain was still occupied by an 
abundant mass of various organelles. The organelles flowed in lanes into and from 
the pollen tube (fig. 4). The orientation of these lanes corresponds to that of actin 
filaments as demonstrated previously in the same species (Pierson, 1988). Using 
maximal magnification and contrast we could visualize some fine filaments in the 
cortical cytoplasm of the pollen grain (fig. 4). They are thinner than the above 
described ER tubules. Their orientation corresponds to the movement of the 
adjacent mitochondria. It is suggested that they may be bundles of actin filaments. 
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CHAPTER 8 
SUMMARY 
This thesis reports a study on the spatial and temporal organization of the 
cytoskeleton in the male gametophyte of Li/ium /ongif/orum Thunb. and Nicotiana 
tabacum L The structural results are discussed in connection to their possible 
significance for the function of the cell. 
The general introduction (chapter 1) provides background information about the 
composition, the structure, the dynamics and the function of the cytoskeleton. A 
concise summary is presented about modern techniques used to study the spatial 
organization of the cytoskeleton. The aims of the present study and the motives to 
investigate the plant cytoskeleton -and more particularly the cytoskeleton of pollen 
and pollen tubes- are expounded. 
In chapter 2 an overview is presented of the organization of microtubules in pollen 
of Li/ium /ongif/orum and Nicotiana tabacum. Microtubules have been studied by 
immunofluorescence microscopy and electron microscopy after dry cleaving. 
At the onset of germination, tubulin, partly arranged in microtubule bundles, is 
present at the tip of the pollen tube. In mature pollen tubes a dense system of 
microtubule bundles is found in the cortical zone of the vegetative cell, except for 
the extreme tip. The central zone of the pollen tube seems devoid of thick 
microtubule bundles. In the region just behind the tip short criss-cross bundles 
occur. In the main part of the tube the orientation of the microtubule bundles is 
prepoundarily net-axial in lily and S-helical in tobacco, whereas the orientation of 
cellulose microfibrils is random (Kroh and Knuiman, personal communication). 
Thus, microtubules do not necessarily co-orientate with cellulose microfibrils in 
pollen tubes of lily and tobacco. 
In the generative cell a prominent network of microtubules is present. In 
tobacco pollen tubes microtubule strands are net-axial, and in lily they are 
arranged in sheets. In both species microtubules form a long tail which may be 
twisted or bent backwards. Microtubules are probably involved in the maintainance 
of the cell shape. They may also play a role in the motion of the generative cell 
and the sperm cells. In squashes of lily pollen grains it has been observed that the 
generative cell is connected to the vegetative nucleus by a long tail stained by 
antitubulin. 
In tobacco, a circular structure reacting with antitubulin has been frequently 
identified ahead of the generative cell. It may represent a microtubule organizing 
center (MTOC). 
In dry cleaving preparations microtubules appear to be often accompanied by 
fine filaments, that run along or interconnect microtubules, and by long cisternae of 
endoplasmic reticulum. The present co-distribution is possibly the base for a 
common function (see more in chapter 7). 
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Chapter 3 presents a detailed description of the actin skeleton in in vitro 
germinated pollen of four angiosperms, and in pollen tubes of Li/ium longif/orum 
grown in the style after compatible or incompatible pollination. Actin filaments have 
been stained with rhodamine-phalloidin after paraformaldehyde fixation. 
Bundles of actin filaments are distributed throughout the cytoplasm in all 
vegetative cells, being particularly evident at the extreme tip where they form a 
dense system. The latter observation provides structural evidence for the tip 
growth model of Picton and Steer (1982; see introduction), who assumed that actin 
filaments occur in the tip of the tube and regulate the supply of Golgi vesicles and 
the plasticity of the tip. 
In lily, the bundles of actin filaments are usually more brightly stained in pollen 
tubes grown in the style than in those grown in vitro. In addition, in material grown 
in the style, star-shaped foci, possibly microfilament organizing centers or 
stressfibers, are observed. Pollen tubes grown after compatible or incompatible 
pollination develop a similar actin skeleton. 
Chapter 4 deals with a non-fixative method, in which dimethyisulphoxide (DMSO) 
has been used to permeabilize pollen material for rhodamine-phalloidin staining of 
F-actin. The organization of the actin skeleton has been studied in meiocytes, 
pollen grains and pollen tubes of ¿//ium longif/orum and Nicotiana tabacum grown 
in liquid medium or on agar. 
The F-actin patterns visualized after permeabilization with DMSO are much 
finer and more detailed than those observed after conventional fixation with 
paraformaldehyde (chapter 3). 
In imbibited pollen grains, especially those of lily, numerous short bundles and 
small foci of F-actin are clearly visible. It is proposed that these structures are 
organizing centers of filaments. In germinated pollen grains, fine bundles of 
F-actin converge at the aperture of the pollen grain. Along the entire length of the 
pollen tube, including the extreme tip, a dense three-dimensional net-axial 
distribution of actin filaments is observed. In the vacuolate zone a striking 
concordance is found between the orientation of actin filaments and the main 
vector of streaming of the organelles in this area. 
Actin filaments have not been detected in the generative cell, nor in the sperm 
cells (see also chapter 5). However, in pollen tubes of tobacco grown on agar 
medium or grown in liquid medium containing the calmodulin-antagonist W-7, a 
prominent system of thick bundles of F-actin showing torsions surrounds the 
generative cell and the sperm cells. The present observation is the first structural 
evidence for a direct involvement of the actin skeleton in the positioning and in the 
propulsion of the generative cell and the gametes, which are surrounded by a 
vigorous cytoplasmic streaming (see also chapter 7). 
Filamentous actin occurs throughout the cytoplasm in pollen mother cells and 
in various stages of meiosis I and II in Li/ium longif/orum. Radiating configurations 
of F-actin have been observed around the nucleus in pollen mother cells. 
In chapter 5 double-labeling with fluorescent probes shows that microtubules and 
actin filaments co-localize for the most part in the cortical cytoplasm of pollen 
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tubes of Nicotiana tabacum and Liiium /ongif/orum. The structural association of 
both cytoskeletal systems strongly indicates a functional relationship; a co-
function of microtubules and actin filaments in generating organelle movement 
and/or organizing the cortical cytoplasm and the cell surface is suggested. 
Co-localization of microtubules and actin filaments, as visualized at the light 
microscopical level, is in full agreement with data obtained at the ultrastructural 
level (see chapter 2). 
Whereas generative cells always stained brightly when tested for tubulin, they 
appeared as conspiciously black spindles or spots in the rhodamine-phalloidin 
tests for F-actin. The vegetative nucleus remained unstained for both tubulin and 
F-actin. The maintainance of the cell shape and the propulsion of generative cells 
and sperm cells may mainly depend on the microtubular system of these cells and 
on the actin skeleton of the vegetative cell (chapter 5). 
Chapter 6 reports tests on the binding capacity of five lectins to germinated pollen 
of Liiium /ongif/orum, and experiments on the effect of these lectins on pollen 
germination, pollen tube growth, and the organization of the actin filaments (for 
Con A only). 
Only Con A and Н /іхpomatia agglutinin (HpA) show strong binding to the cell 
surface, in particular to the colpus and the pollen grain and to the tip of the pollen 
tube. Wheat germ agglutinin, phytohaemagglutinin and U/ х игор из agglutinin 
show hardly any binding. There is no noticeable differences in binding capacity 
between pollen tubes grown in the style or in i/it/o, and between pollen tubes 
regained after compatible or incompatible pollination. In vitro germination of pollen 
increases at low Con A concentrations (up to 50 g/ml), but it is inhibited at higher 
concentrations. Pollen tube growth is inhibited both at low and high Con A 
concentrations. HpA causes a slight increase in pollen germination, but it does not 
influence the pollen tube growth. The other lectins have also no effect. 
In untreated material actin filaments are distributed in net-axial orientation over 
the whole length of the pollen tube, as already shown in details in chapter 4 and 5. 
When germinated pollen is supplied with Con A, a disorganization of the F-actin 
distribution is observed in the tip region of the pollen tube. A distinct transition is 
visible between the proximal zone containing parallel strands, and the apical zone 
showing spotted fluorescence. 
Con A induced inhibition of growth may be related to the disorganization of the 
actin skeleton in the tip region. This idea fits well with the hypothesis that actin 
filaments of the tip region regulate the expansion rate of the pollen tube. 
Chapter 7 shows a study of the original structure and the behavior of organelles, 
particularly the endoplasmic reticulum (ER), in living pollen tubes of U/ium 
longiflorum. For this purpose video enhanced differential interference contrast 
microscopy, ultraviolet microscopy and video fluorescence microscopy after vital 
membrane staining of mitochondria and ER with a.S'-dihexyloxacarbocyanine 
iodide have been applied. 
The apical zone of the pollen tube is populated by a dense mass of intensively 
vibrating small organelles, probably Golgi vesicles, colliding, spherical organelles 
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(diameter 0.3 - 1.4 μ m) displaying a high contrast, probably p-particles, and some 
mitochondria showing a flexible structure. Thus, the 'flow' of Golgi vesicles and 
p-particles to the tip of the pollen tube should be interpreted as a very dynamic 
process. 
Organelles, particularly mitochondria, show a clear individuality of motion. It is 
proposed that the idea of streaming cytoplasm is just an impression, and that in 
fact only the organelles are moving, depending on the supply of energy and on the 
accessibility to contractile proteins. 
The vegetative nucleus and the generative cell remain rather static in the mid of 
the streaming vegetative cytoplasm, indicating the presence of a strong system to 
maintain their position (see chapter 4). 
In the vacuolate zone of the pollen tube, complex systems of tubular ER with a 
diameter of about 0.3 μπη, have been studied. These ER tubules are arranged in 
closed networks of various configurations and densities. They are in permanent 
motion: gentle ondulations alternate with sudden dramatic distortions, and fusion 
or separations of tubules are common. It is concluded that the ER complexes are 
constitued of highly plastid and fluid membranes. Organelles preferantially move 
along the ER tubules. It is plausible that the generation of organelle movement 
along these ER tubules is based on a co-operation between microtubules and fine 
filaments, like those shown in dry cleaving preparations (chapter 2). 
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CHAPTER 9 
SAMENVATTING 
In dit proefschrift zijn de resultaten neergelegd van een studie naar de ruimtelijke 
en tijdelijke organisatie van het cytoskelet in stuifmeel (pollen) en stuifmeelbuizen 
van lelie en tabak. Er worden verbanden gelegd tussen de gevonden structuren en 
hun mogelijke betekenis voor het functioneren van de cel. 
In de algemene inleiding (hoofdstuk 1) wordt achtergrondinformatie gegeven over 
de samenstelling, de structuur, de dynamiek en de functie van cytoskelet 
elementen. Er is een beknopte samenvatting gepresenteerd van moderne 
technieken die gebruikt worden om de ruimtelijke opbouw van het cytoskelet te 
bestuderen. De betekenis van het cytoskelet voor de plantencel en de doelen van 
dit onderzoek worden uiteengezet. 
De cellen van hogere organismen bevatten een drie-dimensionaal netwerk van 
filamenten die uit eiwitketens bestaan: het cytoskelet. Er worden drie categorieën 
cytoskeletelementen onderscheiden: microtubuli, actine filamenten -vaak ook 
microfilamenten genoemd- en intermediaire filamenten. 
Toen dit onderzoek begon, was het voorkomen van actine filamenten in hogere 
planten nog geen algemeen aanvaard feit. Tot op heden is de aanwezigheid van 
intermediaire filamenten in hogere plantencellen niet met zekerheid aangetoond. 
De kennis van het cytoskelet van planten is dus veel beperkter dan die van dierlijke 
organismen. 
De laatste jaren is het mogelijk geworden om de organisatie van het cytoskelet 
in hele cellen te bestuderen met behulp van fluorescentiemicroscopie en andere 
geavanceerde lichtmicroscopische technieken. Twee methoden die in dit 
onderzoek veel gebruikt zijn, zijn het indirekt zichtbaar maken van microtubuli met 
behulp van antilichamen en een fluorescerende kleurstof (immunofluorescentie), 
en kleuring van gepolymeriseerd actine (F-actine) met phalloidine gekoppeld aan 
een fluorochroom. 
Het cytoskelet speelt een belangrijke rol bij een groot aantal zeer verscheidene 
cellulaire functies: voortbrengen en handhaven van de organisatie en 
compartimentalisatie van het celplasma, celdeling, celgroei, bepaling van de 
celvorm, bewegingen van organellen en celwandvorming. Uit de literatuur zijn veel 
voorbeelden bekend waarbij cellulose microfibrillen in de celwand in dezelfde 
richting worden afgezet als de onderliggende microtubuli van het celplasma. 
Stuifmeel is een uiterst interessant en geschikt object voor onderzoek naar het 
cytoskelet. Gedurende de ontwikkeling van stuifmeel en stuifmeelbuis in lelie en 
tabak doen zich alle hiervoorgenoemde functies voor. Tijdens de vorming van 
stuifmeel treden gewone en reductiedelingen op. Er ontstaat een bolvormige, 
haploïde cel (de stuifmeelkorrel) met een dikke, gelaagde celwand. Bij het kiemen 
van de korrel ontstaat een stuifmeelbuis. De stuifmeelbuis wordt gekenmerkt door 
een gelaagd celplasma, een krachtige celplasmastroming en groei die beperkt blijft 
tot het topje van de cel. Binnen de stuifmeelbuis komt een andere, langwerpige cel 
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voor, de generatieve cel, die in twee spermacellen kan delen. Deze laatste zijn 
verantwoordelijk voor de uiteindelijke bevruchting. 
Voor onderzoeksdoeleinden is het mogelijk om stuifmeel van lelie en tabak in 
kunstmatig medium {in vitro) te laten kiemen. Zodoende verkrijgt men losse cellen 
die goed bereikbaar zijn voor kleurstoffen en chemicaliën, en die betrekkelijk 
gemakkelijk rechtstreeks waargenomen kunnen worden onder de microscoop. 
Stuifmeel is en blijft een uniek studieobject door zijn haploïde karakter, en door 
de sleutelpositie die het inneemt bij de bevruchting en daarmee in de levenscyclus 
van hogere planten. 
In hoofdstuk 2 wordt een overzicht gepresenteerd van de organisatie van 
microtubuli in stuifmeel van lelie en tabak. Microtubuli zijn bestudeerd met 
immunofluorescentie microscopie en electronen microscopie na droogklieven. 
Aan het begin van de kieming is tubuline, gedeeltelijk verenigd in bundels, 
aanwezig in de top van de stuifmeelbuis. Behalve in de extreme topregio kan in de 
gehele buitenste laag van volgroeide stuifmeelbuizen een dicht systeem van 
microtubuli waargenomen worden. Vlak achter de top komen bundels microtubuli 
kris-kras voor. In het middengedeelte van de buis is de oriëntatie van de bundels 
microtubuli voornamelijk netvormig-axiaal in lelie en S-helicaal in tabak. In dit deel 
van de stuifmeelbuis worden de cellulose microfibrillen echter in de wand in alle 
richtingen afgezet (Kroh en Knuiman, persoonlijke communicatie). Microtubuli 
vertonen dus niet per se dezelfde oriëntatie als cellulose microfibrillen in dit object. 
In de generatieve cel is een opvallend netwerk van microtubuli aanwezig. In 
tabak worden dikke bundels onderscheiden en in lelie een laag. Bij beide soorten 
vormen de microtubuli een lange staart die gedraaid kan zijn of naar achteren 
gevouwen. Microtubuli zijn waarschijnlijk betrokken bij de handhaving van de vorm 
van de cel. Zij kunnen ook een rol spelen bij het voortbewegen van de generatieve 
cel en de spermacellen. Uitdrukpreparaten van stuifmeelkorrels van lelie tonen dat 
de staart van microtubuli een band vormt tussen de generatieve cel en de 
vegetatieve kern. 
In tabak is herhaaldelijk een cirkelvormige structuur geïdentificeerd voor de 
generatieve cel, die met antitubuline reageert. Deze structuur kan een organisatie 
centrum voor microtubuli zijn . 
In droogklief preparaten blijken microtubuli vergezeld te worden door lange 
cisternae van endoplasmisch reticulum en dunne filamenten die langs de 
microtubuli lopen of verbindende bruggen vormen. Co-distributie van deze 
elementen is waarschijnlijk de basis voor een gemeenschappelijke functie (7¡e 
vervolg in hoofdstuk 7). 
Hoofstuk 3 geeft een gedetailleerde beschrijving van het actine skelet in in vitro 
gekiemd stuifmeel van vier soorten hogere planten, en van stuifmeelbuizen van 
lelie die in de stijl zijn gegroeid na compatibele of incompatibele bestuiving. Actine 
filamenten zijn met rhodamine-phalloidine gekleurd na fixatie met 
paraformaldehyde. 
Bundels actine filamenten komen verspreid over het gehele celplasma voor, in 
het bijzonder in de uiterste topregio waar zij een dicht systeem vormen. Deze 
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waarneming levert een belangrijke structurele ondersteuning voor het 
topgroeimodel van Picton en Steer (1982; zie inleiding); in dit model wordt 
geponeerd dat actine filamenten in de top van de pollenbuizen voorkomen, en dat 
ze de aanvoer van Golgiblaasjes naar de top toe, en de plasticiteit van de top 
regelen. 
In lelie is gevonden dat bundels actine filamenten gewoonlijk feller gekleurd zijn 
in stuifmeelbuizen die in de stijl zijn gegroeid, dan die welke gegroeid zijn in vitro. 
Bovendien worden er in materiaal dat in de stijl gegroeid is, stervormige structuren 
van actine waargenomen, mogelijk centra van organisatie van filamenten of 
zogenaamde stressvezels. Er is geen verschil gevonden tussen de organisatie van 
het actine cytoskelet in de stuifmeelbuis na compatibele of incompatibele 
bestuiving. 
Hoofdstuk 4 laat een studie zien van het actine skelet in stuifmeelbuizen en 
stuifmeel van verschillende stadia bij lelie en tabak, waarbij in plaats van een 
fixatief dimethylsulfoxide is gebruikt als middel om de cellen doorlaatbaar te maken 
voor de specifieke actine kleurstof rhodamine-phalloidine. 
De F-actine patronen die zichtbaar zijn gemaakt na behandeling met 
dimethylsulfoxide zijn veel fijner en meer gedetaillerd dan die verkregen na 
standaardfixatie met paraformaldehyde (hoofdstuk 3). 
In gehydrateerde, maar nog niet gekiemde stuifmeelkorrels, vooral in lelie, zijn 
kleine naaldvormige en stervormige structuren van F-actine te zien. Beide 
structuren duiden de vorming van nieuwe filamenten. In gekiemde stuifmeelkorrels 
lopen de actine filamenten in bundels samen naar de kiemporie. Over de hele 
lengte van de stuifmeelbuis, met inbegrip van het uiterste topje, wordt een dichte 
netvormige tot axiale distributie van actine filamenten waargenomen. In de 
gevacuoliseerde zone is gevonden dat de ligging van de actine filamenten 
overeenkomt met die van de celplasmastroming. 
Actine filamenten zijn noch in de generatieve cel noch in de spermacellen 
aangetroffen (zie ook hoofdstuk 5). Maar in het vegetatieve celplasma van 
stuifmeelbuizen, die op agarbodem waren gegroeid of die in vloeibaar medium 
waren gekweekt in aanwezigheid van een antagonist voor calmoduline, is precies 
om de generatieve cel en om de spermacellen een opvallend systeem van 
gedraaide, dikke bundels actine filamenten zichtbaar geworden. Deze waarneming 
is de eerste structurele aanwijzing voor een direkte bijdrage van het actine skelet 
aan het voortbewegen en het handhaven van de positie van deze cellen. 
Actine filamenten zijn in het gehele celplasma aanwezig in pollenmoedercellen 
en in de verschillende onwikkelingsstadia gedurende de reductiedeling in lelie. 
Straalsgewijs gerangschikte bundels van actine filamenten zijn waargenomen om 
de kern in de pollenmoedercel. 
In hoofdstuk 5 is met behulp van fluorescentiemicroscopie aangetoond dat de 
ligging van microtubuli grotendeels samenvalt met die van actine filamenten in de 
buitenste zone van de stuifmeelbuis in lelie en tabak. Deze resultaten zijn een sterk 
argument voor een functionele relatie tussen beide systemen; er wordt voorgesteld 
dat microtubuli en actine filamenten samen verantwoordelijk zijn voor de beweging 
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van organellen en/of de organisatie van het buitenste celplasma en de 
celoppervlakte. 
Deze lichtmicroscopische waarneming is in goede overeenkomst met andere 
waarnemingen verkregen op electronenmicroscopisch niveau (hoofdstuk 2). 
Terwijl generatieve cellen steeds fel waren gekleurd wanneer zij op de 
aanwezigheid van tubuline werden gescreend, verschenen zij als opvallend zwarte 
lancetvormige of ronde structuren in de rhodamine-phalloidine testen voor 
F-actine. Het handhaven van de celvorm en het voortbewegen van de generatieve 
cell en de spermacellen hangt dus waarschijnlijk hoofdzakelijk af van het 
microtubulair syteem van deze cellen en van het actine skelet van de vegetatieve 
cel (zie ook hoofdstuk 4). 
In hoofdstuk 6 zijn de resultaten weergegeven van testen van de 
bindingscapaciteit van vijf lectinen aan gekiemd stuifmeel van lelie, en van het 
effect van deze lectinen op de kieming, de groei van stuifmeelbuizen. Ook is het 
effect van concanavaline A (Con A) op de organisatie van actine filamenten 
onderzocht. Er wordt verondersteld dat lectinen een rol spelen in de communicatie 
tussen de cellen, onder andere tussen stijlweefsel en groeiende stuifmeelbuizen. 
De lectinen Con A en Н /іхpomatía agglutinine (HpA) tonen een sterke binding 
aan de celoppervlakte, in het bijzonder aan de colpus van de stuifmeelkorrel en 
aan de top van de stuifmeelbuis. De lectinen 'Wheat germ' (tarwekiem) agglutinine, 
phytohaemagglutinine en U/ х europeus agglutinine tonen nauwelijks binding. Er is 
geen noemenswaardig verschil in bindingscapaciteit tussen stuifmeelbuizen die 
gegroeid zijn in de stijl of in vitro, en tussen stuifmeelbuizen gewonnen na 
compatibele of incompatibele bestuiving. De kieming in vitro neemt toe bij lage 
Con A concentraties (tot 50 g Con A per ml medium), maar ze wordt geremd bij 
hogere Con A concentraties. Stuifmeelbuisgroei wordt zowel bij lage als bij hoge 
Con A concentraties geremd. HpA veroorzaakt een lichte toename van de 
stuifmeelkieming, maar het heeft geen effekt op de stuifmeelbuisgroei. De andere 
lectinen hebben ook geen effekt hierop. 
In onbehandeld materiaal is de distributie van actine filamenten netvormig-
axiaal over de hele lengte van de stuifmeelbuis, zoals eerder getoond in detail in 
hoofdstuk 4 en 5. Wanneer Con A wordt toegevoegd aan groeiende 
stuifmeelbuizen treedt desorganisatie van het actine skelet op aan de top van de 
stuifmeelbuis. Een scherpe overgang is zichtbaar tussen de zone met parallele 
bundels aan de kant van de stuifmeelkorrel en de topregio met gespikkelde 
fluorescentie. 
De groeiremming die door Con A geïnduceerd wordt kan in verband staan met 
de desorganisatie van het actine skelet in de topregio. Deze gedachte past goed in 
de hypothese dat actine filamenten de expansiegraad van stuifmeelbuizen regelen. 
Het zevende hoofdstuk handelt over een studie naar de structuur en het gedrag 
van organellen, in het bijzonder het endoplasmatisch reticulum (ER), in levende 
pollenbuizen van lelie. Voor dit doel zijn ultravioletmicroscopie, video differentieel 
interferentie contrast microscopie en video fluorescentiemicroscopie toegepast, in 
combinatie met computerversterking van het beeld. Membranen van mitochondriën 
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en het ER zijn vitaal gekleurd met 3,3'-dihexyloxacarbocyanine iodide. 
De zone aan het uiterste top van de pollenbuizen krioelt van intensief trillende 
kleine deeljes, waarschijnlijk Golgi blaasjes, botsende ronde organellen (diameter 
0,3 - 1,4 μπτι) met een hoog contrast, mogelijk polysaccharide-deeltjes ('p-
particles'), en enkele mitochondriën met een flexibele structuur. De aanvoer ('flow') 
van Golgi-blaasjes en polysaccharide-deeltjes naar de top van de stuifmeelbuis 
moet dus als een zeer dynamisch proces geïnterpreteerd worden. 
Organellen, met name mitochondriën, blijken duidelijk als individuele elementen 
te bewegen. Op grond van de videobeelden wordt verondersteld dat het idee van 
celplasmastroming alleen op een indruk berust, en dat in feite alleen de organellen 
bewegen, afhankelijkheid van de beschikbaarheid van energie en contractiele 
eiwitten. 
De vegetatieve kern en de generatieve cel gedragen zich opmerkelijk statisch 
temidden van het stromende vegetatieve celplasma, hetgeen wijst op de 
aanwezigheid van een sterk systeem dat ze op hun plaats houdt (zie hoofdstuk 4). 
In de gevacuoliseerde zone van de stuifmeelbuis is een complex netvormig 
systeem van buisvormig ER, met een doorsnede van ongeveer 0,3 μηη, voor het 
eerst in levende stuifmeelbuizen waargenomen. Deze ER buizen vormen gesloten 
netwerken met variabele configuraties. De buizen zijn konstant in beweging: 
doorgaans vertonen zij golvende bewegingen, maar zij kunnen plotseling delen of 
fuseren. Hieruit wordt gekonkludeerd dat de membranen van dit ER systeem 
vloeibaar en plastisch zijn. Organellen bewegen bij voorkeur langs deze ER buizen. 
Het is aannemelijk dat de beweging van organellen langs deze ER buisjes wordt 
voortgebracht door een samenwerking tussen microtubuli en fijne filamenten, zoals 
die aangetoond zijn in droogkliefpreparaten (hoofdstuk 2). 
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ORGANIZATION AND FUNCTION OF THE CYTOSKELETON 
IN POLLEN AND POLLEN TUBES 
STELLINGEN 
1. Bien que lié à un système d'opposition et à la recherche d'un nouvel avenir, 
l'état révolutionné du 14 juillet n'est pas composé d'opinions d'hostilité envers le 
passé 
2. De uiterste top van pollenbuizen van lelie bevat een dicht netwerk van actine 
filamenten 
(Dit proefschrift) 
3. Hoewel in de generatieve cel en in de spermacellen van lelie en tabak een 
actine skelet waarschijnlijk ontbreekt zijn er sterke aanwijzingen dat actine 
filamenten nauw betrokken zijn bij de voortbeweging van deze cellen 
(Dit proefschrift) 
4. Microtubuli en actine filamenten vertonen grotendeels dezelfde ligging in de 
corticale zone van pollenbuizen van lelie en tabak 
(Dit proefschrift) 
5. Ondanks wat de benamingen 'stroming' en 'flow', doen vermoeden zijn in 
pollenbuizen van lelie noch de cytoplasmastroming in de gevacuoliseerde zone, 
noch de 'flow' van Golgi-blaasjes naar de top van de cel vloeiende processen 
(Dit proefschrift) 
6. Zoals het figuur van fotomodellen uit modebladen niet representatief is voor het 
postuur van de gemiddelde mens, zo is de schoonheid van de meeste 
microscopische foto's in figuren uit vaktijdschriften niet representatief voor het 
gemiddeld waargenomen beeld 
(Ook dit proefschrift) 
7. Het gebruik van de term 'submicroscopisch' (Eur. J. Cell Biol. 46, 376-382. 
1988) voor het aangeven van structuren die alleen met geavanceerde 
lichtmicroscopische technieken zichtbaar gemaakt kunnen worden, is in strijd met 
de oorspronkelijke definitie van dit begrip zoals geformuleerd door Frey-Wyssling 
in zijn boek 'Submicroscopic morphology of protoplasm' (1964) 
8. Aan de bepaling in het promotiereglement van de Katholieke Universiteit 
Nijmegen dat, indien een proefschrift niet in het Nederlands geschreven is, in elk 
geval een samenvatting van de inhoud in het Nederlands opgenomen moet 
worden, zou de toevoeging 'in zo begrijpelijk en informatief mogelijk Nederlands 
voor niet-ingewijden' toegevoegd moeten worden om de samenvatting voor deze 
groep bevredigend te laten zijn 
9. De belangrijkste veiligheidsmaatregel tegen ontvreemding van gevaarlijke 
chemicaliën en isotopen uit deze universiteit is een bordje met het opschrift 
'Verboden toegang voor onbevoegden' bij de poort van het terrein der 
ß-faculteiten 
10. In het huidige bestek verdient het aanbeveling om 'Assistenten in Opleiding' 
(AiO's) te trainen in het schrijven van onderzoeksprojecten 
11. In haar streven naar meer openheid tussen de staten van Europa hanteert juist 
de Europese Gemeenschap in haar beursbeleid discriminerende bepalingen ten 
aanzien van het staatsburgerschap van onderzoekers 
12. Het isoleren van patiënten met humane schistosomiasis buiten het 
tropengebied om ziekteverspreiding te voorkomen is nonsens 
13. Moederschap en kindergeluk zijn niet te rijmen met universitaire studie, 
promotieonderzoek of een postdoc-status, maar wèl met wetenschap en 
goocheltruc 
(Een promoverende moeder) 
14. Nog kleinere potjes hebben nog grotere ogen 
15. De geldigheid van de uitspraak van Abraham Lincoln: "You can fool a person 
all the time, you can fool all the people a part of the time, but you can't fool all the 
people all the time" kan ook uitgebreid worden tot het gebied van wetenschappelijk 
onderzoek 


